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EXECUTIVE  SUMfillARY 


ICF  Kaiser  Engineers  (ICF  KE)  has  been  contracted  by  the  U.S.  Army  Environmental  Center 
(USAEC)  to  perform  a  Focused  Feasibility  Study  (FFS)  for  contaminated  media  at  Operable  Unit  (OU)  1 
within  the  Woodbridge  Research  Facility  (WRF),  Woodbridge,  Virginia.  This  task  has  been  performed 
under  Contract  No.  DACA31-94-D-0064,  Task  Order  001.  This  FFS  presents  a  summary  of  the  site 
background,  evaluates  the  risks  posed  to  human  health  and  the  environment  by  conditions  within  OU1 
and  identifies,  screens,  and  evaluates  remedial  action  alternatives. 

In  July  1991,  WRF  was  recommended  for  closure  by  the  1991  Defense  Base  Realignment  and 
Closure  Commission  under  the  Base  Realignment  and  Closure  Act  (BRAC).  The  property  will  be  trans¬ 
ferred  to  the  U.S.  Fish  and  Wildlife  Service  (USFWS)  in  sometime  in  the  near  future.  Based  on  prelimi¬ 
nary  results  of  the  Remedial  Investigation  (Rl)  conducted  in  1995/1996,  four  areas  of  concern  were  iden¬ 
tified  as  OUs  by  the  BRAC  Cleanup  Team  (BCT).  Areas  Requiring  Environmental  Evaluation  (AREEs)  1 
through  7  (Former  Dumps,  and  the  former  Pistol  Range  [AREE  7])  were  defined  as  OU1.  The  Main 
Compound  Area  was  defined  as  OU2.  The  Main  Ditch  (AREE  22),  and  the  portions  of  AREEs  11  and  17 
that  are  outside  the  Main  Compound  Area  were  defined  as  OUS,  and  all  the  remaining  areas  of  WRF 
were  defined  as  OU4. 

Several  field  investigations  have  been  conducted  over  the  past  12  years  to  evaluate  the  extent 
of  contamination  at  OU1.  The  primary  chemicals  of  concern  were  polychlorinated  biphenyls  (PCB). 
PCB  contamination  was  due  to  past  disposal  activities  associated  with  the  former  dumps,  particularly 
AREE  1  and  AREE  2.  Transformers  containing  PCB-contaminated  oil  were  reportedly  disposed  of  at 
these  sites.  During  the  field  investigation  associated  with  a  1993  Site  Investigation  (SI),  conducted  by 
the  USAEC,  PCB  contamination  was  detected  in  subsurface  soil  at  AREE  1  at  a  level  as  high  as  74  parts 
per  million  (ppm),  which  is  above  the  Toxic  Substances  Control  Act  (TSCA)  land  ban  limit  of  50  ppm. 

The  results  of  the  Rl  conducted  in  1995/1996  indicate  that  elevated  levels  of  inorganic  com¬ 
pounds  are  present  in  surface  soil,  subsurface  soil,  sediment,  surface  water,  and  groundwater.  The  inor¬ 
ganic  compounds  detected  are  scattered  throughout  the  site  and  no  discrete  source  areas  have  been 
identified.  In  addition,  several  polynuclear  aromatic  hydrocarbons  (PAHs)  are  present  in  all  media  in¬ 
vestigated.  PCB-1016  was  detected  in  one  groundwater  sample  collected  from  AREE  2.  Low  levels  of 
pesticides  and  PAHs  were  also  detected  in  groundwater  at  AREE  1 ,  AREE  2,  AREE  5,  and  AREE  6B. 
PCBs  have  also  been  detected  in  storm  water  runoff  samples  collected  from  OU1,  particularly  near 
AREE  1 . 

SUMMARY  OF  HUMAN  HEALTH  RISK  ASSESSMENT 

A  Human  Health  Risk  Assessment  (HHRA)  was  performed  to  evaluate  the  potential  human 
health  effects  associated  with  chemical  contamination  at  OU1. 

In  order  to  streamline  this  assessment  and  establish  a  baseline  for  future  monitoring,  only  the 
most  conservative  receptors  at  OU1  were  evaluated  (i.e.  a  future  resident  for  exposures  to  surface  soil, 
sediment,  surface  water,  and  groundwater,  and  a  future  excavation  worker  for  subsurface  soil)  even 
though  such  exposures  would  not  likely  occur,  the  site  will  be  transferred  to  the  USFWS.  The  following 
exposure  pathways  were  evaluated  in  the  HHRA: 

•  Ingestion  of  Chemicals  of  Potential  Concern  (COPCs)  in  groundwater  by  child  and  adult 
residents; 

•  Dermal  absorption  of  COPCs  in  groundwater  by  child  and  adult  residents  while  bathing; 

•  Incidental  ingestion  and  dermal  absorption  of  COPCs  in  soil  by  child  and  adult  residents; 

•  Incidental  ingestion  and  dermal  absorption  of  COPCs  in  subsurface  soil  by  excavation  work¬ 
ers; 

•  inhalation  of  COPCs  in  airborne  particulate  matter  from  subsurface  soil  by  excavation  work¬ 
ers; 

•  Incidental  ingestion  and  dermal  absorption  of  COPCs  in  sediment  from  the  Marsh  Area 
grouping  by  child  residents; 
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•  Incidental  ingestion  and  dermal  absorption  of  COPCs  in  surface  water  from  the  Open  Water 
Area  by  adult  residents  whiie  swimming;  and 

•  Dermal  absorption  of  COPCs  in  surface  water  from  the  Marsh  Area  by  child  residents  while 
wading. 

The  risk  estimates  for  each  pathway  are  the  upper-bound  excess  lifetime  cancer  risks  for  car¬ 
cinogenic  chemicals  and  hazard  indices  (His)  for  noncarcinogenic  chemicals.  Using  the  risk  or  hazard 
index  values,  risks  and  potential  noncarcinogenic  adverse  effects  from  exposure  to  site-related  chemi¬ 
cals  were  assessed.  Cancer  risk  estimates  were  compared  to  USEPA's  target  risk  range  for  human 
health  protectiveness  at  Superfund  sites  of  1x10  ®  to  1x10"^.  The  potentiai  for  adverse  noncarcinogenic 
effects  was  assessed  by  comparing  the  noncarcinogenic  hazard  indices  to  a  value  of  one;  a  hazard  index 
less  than  one  indicates  that  adverse  noncarcinogenic  health  effects  would  not  be  expected  to  occur. 

Cumulative  Risks 

People  may  be  exposed  to  the  chemicals  at  one  time  by  a  combination  of  pathways,  and  there¬ 
fore,  the  combined  pathway  risks  for  multiple  pathway  exposures  were  calculated.  Cumulative  risk  esti¬ 
mates  were  calculated  for  child  and  adult  residents,  and  for  excavation  workers,  who  were  assumed  to 
be  exposed  under  future  land-use  conditions. 

Child  and  Adult  Residents 

Cumulative  risks  for  both  child  and  adult  residents  were  in  the  mid-  to  high-  range  of  the  1x10"® 
to  1x10"^  risk  range  for  health  protectiveness  at  Superfund  sites.  The  cumulative  hazard  index  for  both 
child  and  adult  residents  was  above  one,  due  to  exposures  to  COPCs  in  groundwater.  Adverse  effects  to 
both  child  and  adult  residents  could  be  associated  with  the  Central  Nervous  System  (CNS)  (due  to  inges¬ 
tion  of  manganese)  and  decreased  birth  weight  (due  to  dermal  absorption  of  PCB-1016).  Iron  (which  is 
not  associated  with  a  specific  target  organ/critical  effect)  concentrations  also  resulted  in  elevated  hazard 
indices. 


Excavation  Workers 

The  cumulative  risk  estimate  for  excavation  workers  was  2x10'®.  The  cumulative  hazard  index 
was  equal  to  2,  due  to  the  ingestion  of  iron  in  groundwater. 

Overall  Risks  at  Operable  Unit  One 

The  most  significant  risks  associated  with  exposures  to  evaluated  media  at  OU1  are  associated 
with  ingestion  and  dermal  absorption  of  chemicals  in  groundwater  by  hypothetical  future  residents.  Even 
though  elevated  hazard  indices  were  calculated  for  exposures  to  chemicals  in  groundwater  this  pathway 
is  considered  to  be  highly  unlikely  for  several  reasons.  First,  residents  would  not  likely  reside  at  WRF, 
since  the  facility  will  be  transferred  to  the  USFWS  for  incorporation  into  the  National  Wildlife  Refuge 
system.  Second,  drinking  water  is  provided  by  the  local  public  water  supply  system  that  does  not  utilize 
local  groundwater,  and  third,  the  high  iron  levels  would  preclude  people  from  installing  drinking  water 
wells  at  OU1.  Risks  and  hazard  indices  associated  with  groundwater  ingestion  for  the  next  most  conser¬ 
vative  receptor  (i.e.,  a  worker)  also  were  calculated,  and  the  risk  was  lower  than  the  1x10  ®  to  1x10"^  risk 
range,  although  the  HI  was  equal  to  2  (due  to  iron). 

Risks  associated  with  exposures  to  COPC  in  all  other  media  were  within  or  beiow  the  1x1  O'®  to 
1x10"^  risk  range  for  all  receptors,  while  all  noncancer  hazard  indices  were  lower  than  one,  indicating  the 
noncarcinogenic  adverse  effects  would  not  be  likely  to  occur. 

SUMMARY  OF  ECOLOGICAL  RISK  ASSESSMENT 

Risks  to  ecological  resources  from  the  presence  of  chemicals  in  the  OU1  area  were  evaluated  in 
the  Ecological  Risk  Assessment  (ERA)  as  part  of  the  OU1  FFS.  Data  from  OU1  surface  soils,  sediment, 
and  the  surface  water  of  a  small  ephemeral  pond  in  OU1 ,  a  wetland  area  adjacent  to  Marumsco  Creek, 
and  an  open  water  area  (consisting  of  the  lower  reaches  of  Marumsco  Creek  and  the  section  of  the  Oc- 
coquan  Bay  adjacent  to  OU1)  were  evaluated  in  the  ERA.  Based  on  an  evaluation  of  the  chemicals  de¬ 
tected  in  these  media  and  the  ecological  resources  known  to  occur  in  the  OU1  area,  the  following  eco¬ 
logical  receptors/endpoints  were  selected  forevaluation: 
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•  Adverse  effects  to  terrestrial  plants  such  as  trees  and  shrubs  from  chemicals  in  surface  soil; 

•  Adverse  effects  to  soil  invertebrates  (such  as  earthworms)  from  chemicais  in  surface  soil 
(invertebrates  are  important  animals  in  the  food  chain); 

•  Adverse  effects  to  aquatic  life  such  as  fish  and  sheiifish  from  exposure  to  chemicais  in  sur¬ 
face  water;  and 

•  Adverse  effects  to  aquatic  iife  from  exposure  to  chemicals  in  sediment. 

Chemicais  having  the  potentiai  to  accumulate  in  the  terrestrial  and  aquatic  food  webs  were  also 
detected  in  the  environmental  media,  however,  evaluation  of  the  potential  for  bioaccumulation  in  the 
food  web  was  deferred  to  the  facility-wide  ERA  where  overall  bioaccumulation  and  exposure  potentials 
could  be  more  clearly  understood.  The  following  is  a  summary  of  the  results  of  the  ERA  for  OU1 . 

Adverse  Effects  to  Terrestrial  Plants 

Aluminum,  chromium,  and  vanadium  exceeded  the  available  literature-based  terrestrial  plant 
toxicity  values  at  all  surface  soil  sample  locations  suggesting  the  potential  for  adverse  effects  throughout 
OU1 .  However,  concentrations  of  these  chemicals  did  not  statistically  exceed  those  detected  at  back¬ 
ground  sample  locations.  This  suggests  that  the  majority  of  the  detected  concentrations  of  these  chemi¬ 
cals  are  likely  to  be  reflective  of  regional  levels.  Background  levels  above  toxicity  values  are  likely  to  be 
reflective  of  naturally  elevated  regional  levels  (in  which  case  plants  are  likely  to  be  adapted  to  these 
higher  levels)  or  reflective  of  widespread  contamination  which  is  unlikely  to  have  originated  from  the  site. 

Selenium,  zinc,  and  manganese  were  also  detected  at  concentrations  above  the  literature-based 
toxicity  values.  However,  the  detected  concentrations  of  these  chemicals  exceeded  plant  toxicity  values 
at  only  a  limited  number  of  sample  locations  (<15%  of  sample  locations).  Further,  the  overall  detected 
concentrations  of  these  chemicals  did  not  statistically  exceed  the  concentrations  detected  at  the  back¬ 
ground  sample  locations. 

Adverse  Effects  to  Soil  Invertebrates 

Available  literature-based  earthworm  toxicity  values  were  exceeded  by  the  maximum  detected 
surface  soil  concentrations  of  chromium,  and  to  a  lesser  extent,  mercury  and  zinc.  Chromium  concentra¬ 
tions  exceeded  the  earthworm  toxicity  values  at  all  sample  locations,  suggesting  the  potential  for  ad¬ 
verse  effects  throughout  the  site.  However,  the  detected  concentrations  of  chromium  did  not  exceed 
those  detected  at  background  sample  locations,  suggesting  they  are  reflective  of  regional  and  not  site- 
related  concentrations.  Meanwhile,  the  detected  zinc  and  mercury  concentrations  exceed  the  toxicity 
values  at  only  a  very  limited  number  of  sample  locations  (<8%  of  sample  locations). 

Adverse  Effects  to  Aquatic  Life  from  Chemicals  in  Sediment 

The  results  of  the  sediment  analysis  suggest  that  aquatic  life  will  not  be  adversely  affected  by 
chemicals  in  the  sediments  of  the  ephemeral  pond  located  in  OU1.  There  is,  however,  some  potential 
for  chemicals  detected  in  the  sediments  of  the  wetland  area  adjacent  to  Marumsco  Creek  and  in  the 
open  water  area  adjacent  to  OU1  to  adversely  affect  aquatic  life.  Of  the  organic  compounds  detected  in 
the  sediments  of  the  wetland  and  open  water  areas,  the  greatest  potential  for  adverse  effects  to  aquatic 
life  is  from  the  presence  of  PAHs,  PCB-1260,  and  1,1,1-trichloro-2,2-bis(chlorophenyl)ethane  (DDT). 
However  adverse  effects,  if  occurring,  are  likely  at  only  limited  areas  given  the  low  frequency  of  detec¬ 
tion  of  most  of  these  chemicals. 

There  is  also  a  limited  potential  for  adverse  effects  to  aquatic  life  associated  with  the  presence  of 
inorganic  chemicals  in  the  sediment  of  OU1.  Iron  exceeded  the  available  sediment  toxicity  values  in 
both  the  wetland  and  open  water  areas  while  copper,  manganese,  nickel,  and  silver  exceeded  the  toxicity 
values  in  only  the  open  water  area.  However,  the  magnitude  of  the  exceedences  suggests  a  very  limited 
potential  for  adverse  effects  to  aquatic  life.  Furthermore,  with  the  exception  of  silver,  the  overall  con¬ 
centration  of  the  chemicals  detected  at  on-site  locations  did  not  statistically  exceed  those  detected  at 
background  sample  locations,  suggesting  the  overall  detected  concentrations  are  reflective  of  regional 
and  not  site-related  concentrations.  Silver,  meanwhile,  was  detected  at  only  a  single  sample  location. 
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Adverse  Effects  to  Aquatic  Life  from  Chemicals  in  Surface  Water 

The  concentrations  of  the  chemicals  detected  in  the  surface  water  of  the  OU1  area  were  com¬ 
pared  to  available  Federal  Ambient  Water  Quality  Criteria  (AWQC)  (because  these  criteria  are  as,  or 
more  stringent  than  State  criteria).  The  results  of  the  surface  water  analysis  show  some  potential  ad¬ 
verse  effects  to  aquatic  life  from  inorganic  contaminants.  No  organic  chemicals  were  detected  in  any  of 
the  surface  water  bodies  sampled.  Of  the  inorganic  chemicals  detected  in  surface  water,  aluminum  was 
detected  at  the  highest  concentrations  relative  to  the  criterion,  exceeding  the  AWQC  in  all  three  of  the 
sampled  water  bodies.  Iron  was  detected  at  concentrations  exceeding  the  AWQC  in  the  wetland  and 
open  water  areas,  while  lead  was  detected  at  concentrations  exceeding  the  AWQC  in  the  open  water 
area. 

Several  factors  must  be  considered  when  evaluating  risks  from  the  presence  of  chemicals  in 
surface  water.  Precipitation  events  occurred  for  several  days  prior  to  and  during  the  collection  of  surface 
water  samples  and  field  notes  indicate  a  relatively  high  silt  content  in  the  surface  water  samples.  Fur¬ 
thermore,  the  concentrations  of  the  inorganic  chemicals  detected  in  the  ephemeral  pond  and  the  open 
water  areas  did  not  statistically  exceed  the  concentrations  detected  at  background  sample  locations. 
These  results  suggest  the  elevated  concentrations  of  these  inorganic  chemicals  may  have  resulted  from 
runoff  and  sediment  suspension  during  the  storm  event  and  may  not  be  reflective  of  concentrations  at 
lower  flow  conditions.  However,  since  erosion  is  occurring  at  the  site,  the  remedial  actions  (RA)s  pro¬ 
posed  for  certain  AREEs  (as  presented  below)  are  designed  to  minimize  erosion  which  will  in  turn  mini¬ 
mize  future  impacts  from  contaminant  migration  via  this  pathway. 

REMEDIAL  ALTERNATIVES  ANALYSIS 

The  WRF  site  investigations  have  been  conducted  in  accordance  with  CERCLA  regulations. 
RAs  under  CERCLA  are  developed  for  sites  where  it  has  been  demonstrated  that  there  are  risks  to  hu¬ 
man  health  and/or  the  environment.  The  results  of  the  risk  assessments  for  OU1  show  that  there  is  lim¬ 
ited  risk  to  residential  receptors  from  exposures  to  groundwater  and  that  there  may  be  limited  ecological 
risks  to  aquatic  receptors  due  to  the  presence  of  PCB-1260,  DDT,  and  PAHs. 

These  limited  risks  notwithstanding,  RAs  are  still  required  at  OU1  since  the  former  dumps  have 
been  classified  as  Open  Dumps  per  the  Virginia  Soild  Waste  Management  Regulations  (VSWMRs). 
These  regulations  require  corrective  actions  to  be  taken  to  minimize  further  migration  of  contaminants 
which  may  pose  a  threat  to  human  health  and  the  environment.  The  results  of  the  Rl  show  that  PCBs 
are  migrating  (via  storm  water  runoff)  from  AREE  1  toward  Marumsco  Creek  and  that  contaminants  have 
impacted  groundwater  at  OU1 .  Therefore,  RAs  are  required  for  OU1  to  mitigate  further  impact  to  human 
health  and  the  environment.  The  following  remedial  alternatives  have  been  developed  to  address  the 
contamination  that  is  present  at  OU1 . 

The  FFS  Report  lists  and  analyzes  numerous  possible  interim  and  final  actions,  only  a  few  of 
which  were  considered  to  be  feasible.  The  following  remedial  alternatives  passed  the  initial  screening 
and  were  considered  in  detail  in  the  FFS  Report.  The  feasible  alternatives  are  labeled  as  follows; 


Alternative  1 : 
Alternative  2: 
Alternative  3: 
Alternative  4: 
Alternative  5: 


No  Action 

Institutional  Controls  with  Long-Term  Monitoring 
Containment  through  Surface  Cover  and  Hot  Spot  Removal 
Removal  and  Disposal 
AREE-Specific  Remedial  Actions 


Alternative  1 :  No  Action 


Capital  Cost;  $0 

Annual  O&M;  $7,200 

Present  Worth  (1 5  years):  $74,734 

The  CERCLA  and  the  National  Oil  and  Hazardous  Substances  Pollution  Contingency  Plan  (NCP) 
require  that  the  "No  Action"  alternative  be  evaluated  at  every  site  to  establish  a  baseline  for  comparison 
to  other  alternatives.  Under  this  alternative,  no  RA  of  any  kind  would  be  performed.  Any  access  controls 
currently  in  place  would  not  be  maintained.  However,  the  No  Action  Alternative  would  not  comply  with 
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the  Applicable  or  Relevant  and  Appropriate  Requirements  (ARARs)  for  OU1 .  Annual  Operation  and 
Maintenance  (O&M)  costs  have  been  developed  to  comply  with  the  five-year  monitoring  requirements  of 
CERCLA. 

Alternative  2:  Institutional  Controls 

Capital  Cost;  $121,776 

Annual  O&M:  $143,081 

Present  Worth  (1 5  years):  $1 ,606,91 1 

The  Institutional  Controls  Alternative  establishes  legal  and  physical  restrictions  on  the  use  of  land 
and  groundwater  at  OU1,  to  reduce  risks  from  releases  or  threatened  releases  of  environmental  con¬ 
taminants.  Under  the  Institutional  Controls  Alternative,  the  remedial  technologies  and  process  options  to 
be  implemented  include  the  following: 

Site  Access  Restrictions 

Site  access  restrictions  will  be  detailed  in  the  “Letter  of  Transfer”  that  will  be  prepared  by  the 
Army  and  signed  by  the  Department  of  Defense  and  the  Department  of  the  Interior.  This  “Letter  of 
Transfer”  will  be  recorded  at  the  local  Registrar  of  Deeds  office  to  insure  that  the  institutional  controls  are 
maintained  for  perpetuity. 

Access  restrictions  to  the  soiis  wouid  be  implemented  as  follows: 

•  Prohibitions  on  unauthorized  digging  or  driiiing  would  be  initiated  and  maintained.  Access  re¬ 
strictions  will  be  communicated  to  aii  employees  and  enforced  through  appropriate  adminis¬ 
trative  channels. 

•  Signs  would  be  posted  which  state  that  excavation  and  digging  are  prohibited  within  OU1, 
without  proper  authorization.  Authorization  and  approvai  may  be  contingent  upon  testing 
and  monitoring  to  ensure  the  safety  of  workers.  The  AREEs  within  OU1  are  regulated 
through  the  VSWMRs  and  the  Virginia  Hazardous  Waste  Management  Regulations 
(VHWMRs).  Any  disturbance  of  the  dumps  (with  the  exception  of  cover  and  erosion  mainte¬ 
nance)  would  be  in  violation  of  these  reguiations. 

Groundwater  Use  Restrictions 

Groundwater  beneath  OU1  is  contaminated  in  isolated  locations,  and  therefore  restrictions  on  its 
usage  needs  to  be  impiemented. 

•  Prohibitions  on  the  use  of  groundwater  for  purposes  other  than  environmental  sampling  will 
be  initiated  and  maintained.  These  site  restrictions  will  be  detailed  in  the  “Letter  of  Transfer” 
as  described  above.  Prohibitions  would  be  promulgated  in  the  site’s  Master  Plan,  as  super¬ 
vised  by  either  the  Army,  or  the  next  expected  manager,  the  USFWS.  Prohibitions  would  be 
communicated  to  all  employees  and  enforced  through  appropriate  administrative  channels. 

•  Restridions  would  be  placed  in  the  deed  to  the  property  if  the  Army  transfers  the  property  to 
an  entity  other  than  the  U.S.  Government.  The  deed  restriction  will  describe  the  fact  that 
OU1  had  isolated  groundwater  contamination,  and  should  not  be  used. 

Monitoring 

Semi-annual  monitoring  of  groundwater  would  be  initiated  and  maintained  in  accordance  with  the 
VSVVMRs  for  a  default  period  of  15  years  (shorter  or  longer  as  Virginia  Department  of  Environmental 
Quality  (VADEQ)  deems  necessary).  In  addition,  monitoring  of  surface  water,  storm  water  runoff,  and 
sediments  would  be  conducted  annually  for  five  years.  These  monitoring  data  will  be  reviewed  at  the 
end  of  the  first  and  fifth  years  and  every  five  years  thereafter  in  order  to  determine  the  need  for  contin¬ 
ued  monitoring. 
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Alternative  3:  Containment  through  Surface  Cover  and  Hot  Spot  Removal 

Capital  Cost:  $2,082,399 

Annual  O&M:  $153,538 

Present  Worth  (15  years):  $3,676,072 

Under  the  Containment  through  Surface  Cover  and  Hot  Spot  Removal  Alternative,  protection  of 
human  health  and  the  environment  is  achieved  through  the  construction  and  maintenance  of  surface 
covers  on  each  AREE,  together  with  all  institutional  control  and  monitoring  activities  described  in  Alter¬ 
native  2,  and  excavation  and  disposal  of  PCB-contaminated  soils  in  AREE  1 .  In  accordance  with  the 
VSWMRs,  surface  covers  wiii  be  constructed  of  18  inches  of  low  permeability  soil,  with  an  additional  6 
inches  of  topsoil  placed  on  top  of  the  low  permeability  soil.  Each  cover  will  be  designed  at  a  grade  which 
maximizes  runoff  and  minimizes  erosion.  Prior  to  construction,  each  area  will  be  cleared  of  existing 
trees  and  shrubs.  Following  construction,  each  area  will  be  revegetated  with  grass. 

Closure  is  the  activity  of  installing  the  soil  covers.  Post-closure  care  includes  the  monitoring  and 
faciiity  maintenance  activities  conducted  after  these  covers  are  in  place.  Post-closure  care  activities 
which  are  performed  over  a  period  of  15  years  (or  longer  if  the  VADEQ  deems  it  necessary)  are  intended 
to  ensure  the  following:  the  covers  perform  as  designed;  the  covers  are  repaired  when  necessary:  and 
any  migration  of  contaminants  to  groundwater  and  other  media  is  identified  in  a  timely  manner  and  ap¬ 
propriately  addressed. 

Alternative  4:  Removal  and  Disposal 

Capital  Cost:  $6,741,399 

Annual  O&M:  $143,081 

Present  Worth  (15  years);  $8,226,534 

Under  the  Removal  and  Disposal  Alternative,  protection  of  human  health  and  the  environment  is 
achieved  through  the  excavation  and  off-site  disposal  of  soil  contaminants.  Removal  and  disposal  of 
contaminated  soils  at  each  AREE  in  OU1  would  be  performed  in  accordance  with  the  VSWMRs.  The 
depth  of  soils  to  be  removed  is  AREE-specific  based  on  the  depth  of  contamination  identified  during  pre¬ 
vious  investigations  of  the  AREEs. 

The  soils  at  AREE  1  where  elevated  levels  of  PCBs  were  detected  above  50  ppm  (which  is 
above  the  TSCA  land  ban  limit)  will  be  disposed  of  at  a  regulated  hazardous  waste  facility.  The  remain¬ 
ing  soils  will  be  disposed  of  as  non-hazardous  waste  in  a  permitted  sanitary  landfill.  Following  the  re¬ 
moval  of  the  soils,  each  site  will  be  regraded  to  minimize  erosion  with  grass.  The  long-term  moriitoring 
activities  (to  be  performed  for  a  period  of  15  years  or  longer  if  the  VADEQ  deems  it  necessary)  will  cori- 
sist  of  groundwater,  surface  water,  storm  water  runoff,  and  sediment  monitoring  to  show  that  no  contami¬ 
nants  are  migrating  to  these  media. 

Alternative  5:  AREE-Specific  Remedial  Actions 
Capital  Cost:  $1,115,047 

Annual  O&M:  $59,814 

Present  Worth  (15  years):  $1 ,735,898 

Under  the  AREE-Specific  Remedial  Actions  Alternative,  protection  of  human  health  and  the  en¬ 
vironment  is  achieved  through  the  excavation  and  off-site  disposal  of  soil  contaminants  and  solid  waste 
at  some  AREEs  and  surface  cover  at  other  AREEs.  With  their  removal  or  containment,  contaminants 
will  cease  to  enter  groundwater  and  surface  water,  and  remaining  concentrations  of  contaminants  will 
decrease  through  natural  attenuation.  The  proposed  RAs  for  each  AREE  within  OU1  are  summarized 
below: 


AREE1 

In  accordance  with  the  VSWMRs,  the  proposed  remedial  alternative  for  AREE  1  includes  re¬ 
moval  of  surface  debris;  removal  of  debris  along  the  shoreline;  removal  of  debris  from  wetlands;  installa¬ 
tion  of  rip-rap  along  the  shoreline;  a  geophysical  survey;  clearing  and  grubbing;  slope  stabilization;  con¬ 
struction  of  an  engineered  soii  cover;  and  long-term  monitoring  of  groundwater,  surface  water,  storm 
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water  runoff,  and  sediment.  Removal  of  surface  debris,  removal  of  debris  in  the  wetlands,  and  removal 
of  debris  along  the  shoreline  will  be  completed  first.  Once  this  task  is  completed  a  geophysical  survey 
will  be  conducted  to  establish  the  extent  of  buried  debris.  Excavation  of  upland  soils  with  PCB  concen¬ 
trations  above  10.0  ppm  and  wetland  soils/sediments  with  PCB  concentrations  above  1.0  ppm  will  be 
performed.  Excavated  PCB-contaminated  soils/sediments  will  be  characterized  and  then  be  disposed  of 
off-site  at  a  sanitary  landfill  or  hazardous  waste  landfill,  as  appropriate. 

Excavated  areas  will  be  backfilled  with  clean  soil.  After  the  PCB-contaminated  soils/sediments 
have  been  removed,  an  engineered  cover  will  be  placed  over  the  upland  portion  of  AREE  1 .  The  area  to 
be  covered  will  be  based  on  the  results  of  the  geophysical  survey.  The  covered  area  will  be  vegetated 
with  grass  to  prevent  erosion.  Any  wetland  areas  that  have  been  impacted  from  the  remedial  activities 
will  be  restored  in  accordance  with  State  and  Federal  requirements.  All  institutional  controls  and  moni¬ 
toring  activities  described  in  Alternative  2  will  also  be  implemented. 

AREEs  2/S 

The  objective  of  the  RAs  for  these  AREEs  is  to  obtain  clean-closure  per  the  VSWMRs.  The  first 
task  that  will  be  completed  in  AREE  2/5  is  removal  of  surface  debris  and  removal  of  debris  in  the  wet¬ 
lands.  A  geophysical  survey  will  then  be  conducted  to  locate  areas  where  debris  may  have  been  buried. 
Test  pits  will  be  excavated  to  find  and  remove  buried  debris  which  will  then  be  characterized  and  dis¬ 
posed  of  off-site  at  a  sanitary  landfill  or  hazardous  waste  landfill,  as  appropriate.  Soil  sampling  (analyzing 
for  PCBs,  pesticides,  SVOCs,  and  metals)  will  be  performed  in  order  to  determine  the  need  for  removal 
of  contaminated  soils  in  this  AREE.  Excavation  of  upland  soils  with  PCB  concentrations  above  10.0 
ppm  and  wetland  soils/sediments  with  PCB  concentrations  above  1.0  ppm  will  be  performed  and  dis¬ 
posed  of  as  described  for  AREE  1.  Excavated  areas  will  be  backfilled  with  clean  soil.  Any  wetlands  that 
have  been  impacted  will  be  restored  in  accordance  with  State  and  Federal  requirements.  Following  the 
completion  of  site  restoration  activities,  four  quarters  of  groundwater  and  storm  water  runoff  sampling  will 
be  completed  to  demonstrate  that  the  area  qualifies  for  clean-closure. 

If  clean-closure  is  not  achieved,  the  Army  will  close  AREEs  2/5  in-place  in  accordance  with  the 
VSWMRs.  This  will  include;  the  installation  of  a  cover,  establishment  of  institutional  controls  against  un¬ 
authorized  groundwater  use,  soil  disturbance,  and  site  access;  followed  by  semi-annual  upgradient  and 
downgradient  groundwater  monitoring  for  a  default  period  of  15  years.  Long-term  monitoring  of  surface 
water,  storm  water  runoff,  and  sediment  will  also  be  conducted  as  described  for  Alternative  2. 

AREEs  3/64 

The  objective  of  the  RAs  for  AREE  3  is  to  obtain  clean-closure  per  the  VSWMRs.  The  investi¬ 
gations  at  OU1  have  indicated  that  AREE  3  has  little  potential  for  contaminated  soils  or  subsurface  de¬ 
bris  to  exist.  Surface  debris  will  be  removed  and  a  geophysical  survey  will  be  performed.  The  geophysi¬ 
cal  survey  will  also  be  utilized  to  establish  the  boundaries  of  AREE3.  Buried  debris  will  be  removed  in  the 
same  manner  described  for  AREEs  2/5.  Excavation  of  upland  soils  with  PCB  concentrations  above  10.0 
ppm  and  wetland  soils/sediments  with  PCB  concentrations  above  1 .0  ppm  will  be  performed  and  dis¬ 
posed  of  as  described  for  AREE  1 .  Following  the  completion  of  site  restoration  activities,  four  quarters  of 
groundwater  and  storm  water  runoff  sampling  will  be  completed  to  demonstrate  that  the  area  qualifies  for 
clean-closure. 

If  clean-closure  is  not  achieved,  the  Army  will  close  AREE  3  in-place  in  accordance  with  the 
VSWMRs.  This  will  include:  the  installation  of  a  cover,  establishment  of  institutional  controls  against  un¬ 
authorized  groundwater  use,  soil  disturbance,  and  site  access,  followed  by  semi-annual  upgradient  and 
downgradient  groundwater  monitoring  for  a  default  period  of  15  years.  Long-term  monitoring  of  surface 
water,  storm  water  runoff,  and  sediment  will  also  be  conducted  as  described  for  Alternative  2. 

The  proposed  remedial  alternative  for  AREE  6A  includes  removal  of  surface  debris;  removal  of 
debris  from  wetlands;  completion  of  a  geophysical  survey;  clearing  and  grubbing;  slope  stabilization; 
construction  of  an  engineered  soil  cover;  and  long-term  monitoring  in  accordance  with  the  VSWMRs. 
Removal  of  surface  debris  and  removal  of  debris  in  the  wetlands  will  be  completed  first.  Once  this  task 
is  completed  a  geophysical  survey  will  be  conducted  to  establish  the  extent  of  buried  debris.  After  the 
extent  of  buried  debris  is  delineated,  a  two-foot  thick  engineered  cover  will  be  placed  over  AREE  6A. 
The  cover  will  be  revegetated  with  grass  to  prevent  erosion.  Any  wetlands  that  are  disturbed  in  AREE  6A 
will  be  restored  in  accordance  with  State  and  Federal  requirements.  A  long-term  operation  and  mainte- 
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nance  plan  will  be  initiated  and  will  remain  in  effect  for  the  following  15  years  (or  longer  if  the  VADEQ 
deems  it  necessary).  The  plan  will  consist  of  maintenance  of  the  soil  cover  and  long-term  groundwater, 
surface  water,  storm  water  runoff,  and  sediment  monitoring.  Institutional  controls,  will  be  established  to 
restrict  unauthorized  use  of  groundwater,  unauthorized  soil  disturbance,  and  unauthorized  site  access. 

AREE4 

The  objective  of  the  RAs  for  AREE  4  is  to  obtain  clean-closure  per  the  VSWMRs.  In  accordance 
with  the  VSWMRs,  the  proposed  RA  for  AREE  4  is  similar  to  AREE  3.  Surface  debris  will  be  removed 
prior  to  conducting  a  geophysical  survey.  Once  the  geophysical  survey  is  completed,  the  areas  where 
buried  debris  may  be  present  will  be  investigated  by  the  construction  of  test  pits.  Any  buried  debris  and 
associated  soil  contamination  will  be  removed,  characterized,  and  disposed  of  off-site  in  a  sanitary  or 
hazardous  waste  landfill,  as  appropriate.  Confirmatory  sampling  (to  show  that  no  contaminated  soil  is 
present)  will  be  conducted  during  the  construction  of  test  pits.  Excavation  of  upland  soils  with  PCB  con¬ 
centrations  above  10.0  ppm  and  wetland  soils/sediments  with  PCB  concentrations  above  1.0  ppm  will  be 
performed  and  disposed  of  as  described  for  AREE  1 .  Any  wetlands  that  are  disturbed  will  be  restored  in 
accordance  with  State  and  Federal  requirements.  Following  the  completion  of  site  restoration  activities, 
four  quarters  of  groundwater  and  storm  water  runoff  sampling  will  be  completed  to  demonstrate  that  the 
area  qualifies  for  clean-closure. 

If  clean-closure  is  not  achieved,  the  Army  will  close  AREE  4  in-place  in  accordance  with  the 
VSWMRs.  This  will  include:  the  installation  of  a  cover,  establishment  of  institutional  controls  against  un¬ 
authorized  groundwater  use,  soil  disturbance,  site  access,  followed  by  semi-annual  upgradient  and 
downgradient  groundwater  monitoring  for  a  default  period  of  15  years.  Long-term  monitoring  of  surface 
water,  storm  water  runoff,  and  sediment  will  also  be  conducted  as  described  for  Alternative  2. 

AREE  6B 

The  objective  of  the  RAs  for  AREE  6B  is  to  obtain  clean-closure  per  the  VSWMRs.  The 
VSWMRs  required  remedial  activities  in  AREE  6B  are  expected  to  be  limited  in  nature.  After  the  surface 
debris  is  removed  and  a  geophysical  survey  conducted,  test  pits  will  be  constructed  to  excavate  any 
buried  debris  and  associated  soil  contamination.  The  debris  will  be  characterized  and  disposed  of  off¬ 
site  at  a  sanitary  or  hazardous  waste  landfill,  as  appropriate.  Excavation  of  upland  soils  with  PCB  con¬ 
centrations  above  10.0  ppm  and  wetland  soils/sediments  with  PCB  concentrations  above  1.0  ppm  will  be 
performed.  Any  wetlands  that  are  disturbed  will  be  restored  in  accordance  with  State  and  Federal  re¬ 
quirements.  Following  the  completion  of  site  restoration  activities,  four  quarters  of  groundwater  and 
storm  water  runoff  sampling  will  be  completed  to  demonstrate  that  the  area  qualifies  for  clean-closure. 

If  clean-closure  is  not  achieved,  the  Army  will  close  AREE  6B  in-place  in  accordance  with  the 
VSWMRs.  This  will  include:  the  installation  of  a  cover,  establishment  of  institutional  controls  against  un¬ 
authorized  groundwater  use,  soil  disturbance,  and  site  access,  followed  by  semi-annual  upgradient  and 
downgradient  groundwater  monitoring  for  a  default  period  of  15  years.  Long-term  monitoring  of  surface 
water,  storm  water  runoff,  and  sediment  will  also  be  conducted  as  described  for  Alternative  2. 

AREE  7 

Since  no  contaminants  have  been  detected  at  AREE  7,  and  AREE  7  has  not  been  defined  as  an 
open  dump,  no  RAs  are  proposed  for  AREE  7. 

COMPARATIVE  EVALUATION  OF  ALTERNATIVES 

Overall  Protection  of  Human  Health  and  the  Environment 

Protection  of  human  health  is  afforded  by  minimizing  or  eliminating  human  contact  with  site 
contaminants.  This  can  be  done  through  implementation  of  physical  and  legal  barriers,  or  through  site 
remediation.  Because  Alternatives  3  and  5  include  surface  covers  and/or  excavation  together  with  insti¬ 
tutional  controls,  they  are  considered  to  be  the  most  protective  of  the  five  alternatives  and  address 
VSWMR  requirements.  Likewise,  Alternative  2  protects  human  health  through  the  implementation  and 
enforcement  of  site  and  groundwater  use  restrictions.  Alternative  4  would  attempt  to  excavate  and  re¬ 
move  soil  contaminants,  preempting  the  need  for  future  site  and  groundwater  use  restrictions;  however  it 
is  considered  less  protective  than  Alternative  3  because  complete  removal  of  contaminants  may  not  ac¬ 
tually  occur,  and  those  contaminants  that  are  removed  may  be  released  during  their  management  as 
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spillage  or  dust.  The  possible  release  of  contaminants  and  the  absence  of  future  monitoring  and  control 
are  both  undesirable.  Alternative  1  provides  no  protection  of  human  health  or  the  environment  and  is, 
therefore,  the  least  desirable  alternative. 

Protection  of  the  environment  would  best  be  achieved  through  the  implementation  of  Alternative 
3,  which  will  prevent  contact  between  animals  and  contaminated  surface  soils,  and  will  minimize  future 
leaching  of  contaminants  into  surface  water  and  groundwater.  Alternatives  4  and  5  may  succeed  in  re¬ 
moving  soil  contaminants;  however,  because  it  will  likely  generate  dust  and  may  include  spillage,  it  is 
considered  less  protective  of  the  environment  than  Alternative  3.  Alternatives  1  and  2  provide  no  in¬ 
creased  protection  of  the  environment. 

Compliance  with  Applicable  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  apply  to  OU1  because  debris  is  located  in  wetlands  and  will  be  required 
to  be  removed  (per  the  VSWMRs).  Alternatives  4  and  5  are  the  only  ones  to  take  this  action. 

Action-specific  ARARs  apply  to  OU1  because  seven  of  the  eight  AREEs  within  OU1  are  open 
dumps  and  actions  must  be  taken  to  either  cover  or  close  them.  Alternatives  3,  4,  and  5  take  the  re¬ 
quired  actions. 

The  chemical-specific  ARARs  for  surface  water  are  the  AWQCs  and  the  Virginia  Water  Quality 
Standards  for  Surface  Water.  Alternatives  3,  4  and  5  are  expected  to  achieve  these  criteria  in  the  long¬ 
term,  as  contaminants  cease  to  be  added  to  the  surface  water.  Alternatives  1  and  2  take  no  actions  and 
are  likely  to  remain  in  noncompliance  with  this  ARAR. 

The  chemical-specific  ARAR  for  groundwater  is  Maximum  Contaminant  Levels  (MCLs).  Alterna¬ 
tives  3,  4,  and  5  are  expected  to  achieve  these  criteria  in  the  long-term,  as  contaminants  cease  to  be 
added  to  the  groundwater.  Alternatives  1  and  2  take  no  actions  and  are  likely  to  remain  in  noncompli¬ 
ance  with  this  ARAR. 

The  chemical-specific  ARARs  for  soil  are  TSCA  PCB  levels  and  the  Virginia  Hazardous  Waste 
Management  Regulations.  Alternatives  3,  4,  and  5  take  the  required  actions.  Alternatives  1  and  2  take 
no  actions  and  are  likely  to  remain  in  noncompliance  with  this  ARAR. 

Alternatives  1  and  2  are  the  least  desirable  because  they  fail  to  comply  with  several  ARARs. 
Alternatives  3,  4,  and  5  will  achieve  soil  ARARs  in  the  short-term,  and  groundwater  and  surface  water 
ARARs  in  the  long-term.  Because  Alternatives  4  and  5  involve  excavation,  their  likelihood  of  achieving 
water  ARARs  is  greater  than  for  Alternative  3. 

Long-Term  Effectiveness  and  Permanence 

Long-term  effectiveness  and  permanence  is  best  achieved  through  the  minimization  of  wastes 
left  in  place,  the  minimization  of  residuals  generated  during  excavation  and  disposal,  and  the  adequate 
and  reliable  control  of  any  residuals  or  wastes  left  in  place.  Desirability,  therefore,  is  related  to  the  mini¬ 
mization  and  management  of  wastes  left  in  place.  Alternative  4  and  5  are  the  most  desirable  because 
substantial  amounts  of  waste  will  be  removed  from  the  site.  Alternatives  1,  2,  and  3  leave  all  wastes  in 
place,  (with  the  exception  of  the  Hot  Spot  removal  for  Alternative  3)  with  only  Alternative  3  taking  control 
actions  (surface  covers)  which  are  considered  adequate  and  reliable.  Alternatives  1  and  2  are  the  least 
desirable  because  they  do  nothing  to  control  wastes  left  in  place. 

Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

None  of  the  alternatives  involve  any  treatment;  therefore,  there  will  be  no  reduction  of  toxicity, 
mobility,  or  volume  through  treatment.  However  the  reduction  in  mass  achieved  by  Alternatives  4  and  5 
inherently  reduces  toxicity  and  mobility  as  well,  A  reduction  in  mobility  is  achieved  by  Alternative  3 
through  the  implementation  of  surface  covers,  which  when  properly  maintained  will  minimize  mobility  by 
minimizing  leachate.  Alternatives  1  and  2  affect  no  changes  in  toxicity,  mobility,  or  volume. 

Short-Term  Effectiveness 

Short-term  effectiveness  is  best  achieved  by  minimizing  additional  risks  to  workers,  the  envi¬ 
ronment,  and  the  local  community  during  the  RA.  The  principal  threat  to  human  health  at  OU1  is  contact 
of  contaminants  once  they  have  been  extracted  or  removed.  Contaminants  in  place  are  a  minimal  threat 
to  human  health.  Therefore,  the  least  desirable  alternative  is  Alternative  4,  because  in  removing  and 
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managing  site  soils,  workers,  the  local  community,  and  the  environment  are  afforded  additional  risks  in 
the  event  of  spillage  or  dust  generation.  Alternative  5  involves  less  excavation  than  Alternative  4.  Alter¬ 
natives  2,  3,  and  5  involve  leaving  contaminants  in  place  and  conducting  environmental  sampling.  Due 
to  environmental  sampling  of  contaminated  media,  they  present  a  larger  risk  to  workers  than  Alternative 
1. 

implementability 

Implementability  is  best  achieved  through  a  remedial  alternative  which  is  both  technically  and 
administratively  feasible.  The  technical  and  administrative  feasibility  of  the  No  Action  Alternative  is  the 
highest  because  no  coordinating,  permitting,  or  other  actions  are  required.  The  Institutional  Controls  Al¬ 
ternative  requires  the  implementation  of  site  use  restrictions,  which  require  coordination  with  facility  and 
regulatory  personnel,  and  the  implementation  of  an  on-going  monitoring  program.  Alternative  2  is 
therefore  highly  implementable,  though  slightly  less  than  the  No  Action  Alternative.  Alternatives  3,  4, 
and  5  require  construction  activities.  Alternative  3’s  activities  are  all  on-site  and  are  more  easy  to  ad¬ 
minister  than  either  Alternatives  4  or  5,  which  require  off-site  disposal.  Alternatives  4  and  5  require 
trained  personnel,  in  licensed  vehicles,  driving  to  a  licensed  facility.  Because  Alternative  3  only  requires 
surface  covering  (wtth  the  exception  or  4  small  amount  of  waste  to  be  removed  at  the  Hot  Spot),  where 
Alternative  4  requires  excavation  of  buried  soils  and  wastes.  Alternative  3  is  also  considered  more  tech¬ 
nically  implementable  than  Alternative  4.  Alternative  5  is  more  easily  implementable  than  Alternative  4 
because  less  excavation  of  buried  soils  and  wastes  is  required. 

Cost 


The  cost  comparison  from  least  expensive  to  most  expensive  are  as  follows:  Alternative  1 ;  Al¬ 
ternative  2;  Alternative  5;  Alternative  3;  and  Alternative  4.. 

MODIFYING  CRITERIA 

State  Acceptance 

State  acceptance  will  be  evaluated  during  the  review  and  public  comment  period  and  therefore  is 
not  evaluated  here. 

Community  Acceptance 

Community  acceptance  will  be  evaluated  after  the  public  comment  period  ends  and  a  remedy  is 
accepted. 
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1.0  INTRODUCTION 


ICF  KE  has  been  contracted  by  the  USAEC  to  perform  a  FFS  for  contaminated  media  within  the 
WRF,  Woodbridge,  Virginia.  This  task  has  been  performed  under  Contract  No.  DACA31-94-D-0064, 
Delivery  Order  1 .  This  FFS  report  presents  a  summary  of  the  site  background,  evaluates  the  risks  posed 
to  human  heaith  and  the  environment  by  conditions  within  OU1  of  WRF  and  identifies  and  screens  re- 
mediai  measures  that  are  potentially  applicable  to  the  site. 

in  July  of  1991 ,  WRF  was  recommended  for  closure  by  the  1991  Defense  Base  Realignment  and 
Closure  Commission  under  BRAC.  Based  on  preliminary  resuits  of  the  Rl  conducted  in  the  late  fall  of 
1995  and  early  spring  of  1996,  four  areas  of  concern  were  identified  as  OUs  by  the  BCT.  AREEs  1 
through  6B  (Former  Dumps)  and  AREE  7  (Former  Pistol  Range)  were  defined  as  OU1 .  The  Main  Com¬ 
pound  Area  was  defined  as  OU2.  The  Main  Ditch  (AREE  22),  and  the  portions  of  AREEs  11  and  17  that 
are  outside  the  Main  Compound  Area  were  defined  as  OUS,  and  all  the  remaining  areas  of  WRF  were 
defined  as  OU4. 

The  results  of  previous  investigations  as  well  as  the  Rl  indicate  that  groundwater,  surface  soil, 
subsurface  soil,  surface  water,  and  sediment  at  AREEs  associated  with  OU1  have  been  impacted  by 
past  disposal  practices  at  WRF.  The  primary  contaminants  of  concern  are  PCBs,  PAHs,  pesticides,  and 
selected  inorganic  compounds.  Therefore,  an  FFS  was  performed  to  identify  and  evaluate  appropriate 
remedies  for  the  contaminated  media  at  OU1. 

The  specific  project  tasks  included  in  this  FFS  report  are  the  following: 

•  Data  from  sampling  performed  for  the  Site  investigation  (SI)  and  the  Rl  performed  in  the  late 
fall  of  1995  and  the  early  spring  of  1996  are  presented; 

•  Human  Health  and  Ecological  Risk  Assessments  are  developed  for  the  specific  contami¬ 
nants  present  in  OU1; 

•  Remedial  action  objectives  are  developed  for  the  specific  contaminants,  affected  media,  and 
exposure  pathways; 

•  Remedial  technologies  are  identified  which,  alone  or  in  combination,  can  treat,  contain,  or 
dispose  of  contaminated  media; 

•  The  remedial  technologies  are  screened  to  eliminate  those  that  are  not  technically  imple- 
mentable,  based  either  on  non-attainment  of  chemical-specific  requirements  or  on  the  vol¬ 
ume  of  media  which  must  be  treated; 

•  As  required  under  the  CERCLA  of  1 980,  as  amended  by  the  Superfund  Amendments  and 
Reauthorization  Act  (SARA)  of  1986,  the  remedial  technologies  are  assembled  into  remedial 
alternatives  which,  to  the  maximum  extent  practicable,  utilize  permanent  solutions  and  alter¬ 
native  technologies;  and 

•  A  detailed  analysis  of  the  remedial  alternatives  is  performed  using  the  nine  evaluation  crite¬ 
ria  listed  in  the  NCR. 

This  FFS  has  been  conducted  in  accordance  with  USEPA  guidance  documents  developed  for 
activities  performed  under  CERCLA/SARA;  the  National  Environmental  Policy  Act  (NEPA)  of  1969;  and 
the  President's  Council  on  Environmental  Quality  (CEQ)  regulations  (40  CFR  1500-1508).  In  addition, 
the  procedures  used  in  the  study  are  consistent  with  the  Department  of  the  Army's  policy  toward  inte¬ 
grating  the  NEPA  and  CERCLA/SARA  processes. 

This  study  has  been  performed  under  the  purview  of  the  U.S.  Army,  USEPA  Region  III,  and  the 
VADEQ. 

1.1  REPORT  ORGANIZATION 

The  FFS  report  consists  of  the  following  sections: 

Section  1.0-  Introduction 
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Section  1 .0 
Introduction 


Section  2.0  -  Site  Background.  The  site  geologic  and  hydrogeologic  regime  is  presented.  A 
summary  of  the  historical  data  and  the  data  collected  from  the  Rl  performed  in  the  late  fall  of 
1 995  and  early  spring  of  1 996  specific  to  OU1  are  presented. 

Section  3.0  -  Human  Health  Risk  Assessment.  The  results  of  the  HHRA  for  the  site  are 
summarized. 

Section  4.0  -  Ecological  Risk  Assessment.  The  results  of  the  ERA  for  the  site  are  summarized. 

Section  5.0  -  Applicable,  or  Relevant  and  Appropriate  Requirements.  Chemical-,  action-,  and 
location-specific  ARARs  and  to-be-considered  (TBC)  guidance  for  potential  remedial  actions  are 
identified. 

Section  6.0  -  Development  of  Remedial  Action  Alternatives.  The  general  response  actions 
potentially  applicable  to  site  conditions  are  identified  and  discussed.  These  general  response 
actions  are  broken  down  into  technology  types  and  process  options,  which  are  then  screened 
based  on  viability  and  applicability  to  the  site.  The  remedial  alternatives  are  developed  based  on 
technologies  which  pass  this  screening. 

Section  7.0  -  Screening  of  Remedial  Action  Alternatives.  Remedial  alternatives  are  screened 
based  on  their  effectiveness,  implementability,  and  cost.  Alternatives  not  screened  are  carried 
through,  and  are  subjected  to  a  detailed  analysis. 

Section  8.0  -  Detailed  Analysis  of  Remedial  Action  Alternatives.  The  results  of  the  detailed 
evaluation  of  remedial  alternatives  and  a  comparison  of  the  alternatives  are  described.  Relative 
strengths,  weaknesses,  and  trade-offs  between  the  alternatives  are  identified. 

Section  9.0  -  References 
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2.0  SITE  BACKGROUND 


The  following  sections  present  existing  information  regarding  WRF  and.  in  particular,  OU1.  This 
includes  information  describing  the  site  history,  physical  setting  of  the  area,  a  summary  of  past  activities 
possibly  contributing  to  current  environmental  problems  associated  with  OU1 ,  a  summary  of  analytical 
results  from  previous  investigations  at  OU1,  and  conclusions  derived  from  those  investigations. 

2.1  PHYSICAL  SETTING 

The  WRF  occupies  approximately  579  acres  and  is  situated  in  the  eastern-most  portion  of  Prince 
William  County,  Virginia,  a  short  distance  from  the  Washington  D.C.  metro  area,  as  shown  in  Figure  2-1. 
The  town  of  Woodbridge  is  located  just  to  the  west  of  the  WRF.  The  entrance  to  the  installation  is  lo¬ 
cated  on  Dawson  Beach  Road,  east  of  U.S.  Route  1. 

The  property  immediately  to  the  north  of  the  installation  (and  to  the  east  of  Dawson  Beach  Road) 
is  presently  being  developed  into  a  private  golf  course,  residential  housing,  and  a  marina.  To  the  north 
of  the  WRF  (and  to  the  west  of  Dawson  Beach  Road),  the  installation  is  adjoined  by  a  former  military 
housing  area  and  also  by  commercial  property.  The  facility  is  bounded  on  the  west  by  the  Marumsco 
Creek  and  the  Marumsco  National  Wildlife  Refuge  tidal  wetlands.  West  of  Marumsco  Creek  is  Veteran’s 
Memorial  Park,  a  recreation  area  administered  by  Prince  William  County.  The  southern  and  eastern 
edges  of  the  property  are  shoreline,  facing  the  Belmont  and  Occoquan  Bays. 

2.1.1  Climatology 

The  WRF  is  located  in  the  easternmost  area  of  Prince  William  County,  Virginia  near  the  mouth 
of  the  Occoquan  River  where  it  empties  into  Belmont  Bay.  The  climate  at  the  site  is  variable  due  to  the 
proximity  of  both  the  Chesapeake  Bay  (and  Atlantic  Ocean)  and  the  Appalachian  Mountains.  Average 
annual  rainfall  is  more  than  38  inches  and  the  annual  mean  daily  temperature  is  57®F.  The  coldest 
month  is  January  and  the  hottest  month  is  July;  the  growing  season  lasts  from  mid-April  to  mid-October. 
Prevailing  winds  are  generally  from  the  south  in  the  summer  and  from  the  north/northwest  in  the  winter. 

2.2  TOPOGRAPHY  AND  DRAINAGE 

Ground  surface  elevations  at  the  site  range  between  less  than  2  feet  to  over  30  feet  mean  sea 
level  (msl).  The  highest  elevations  are  in  the  northern  and  western  portions  of  the  site.  There  are  flat- 
lying  areas  along  the  southern  and  southeastern  coastal  areas  of  the  site  and  relatively  steep  slopes 
along  the  southwest  coastal  area  (facing  Marumsco  Creek)  and  in  the  central  area  of  the  site  (facing  the 
Main  Ditch  and  southeast  marshy  area).  Figure  2-2  is  the  detailed  site  topographic  map  that  was  con¬ 
structed  with  aerial  photo  data  that  illustrates  the  topographic  features  at  WRF. 

The  WRF  site  is  situated  within  the  Occoquan  River  basin  at  its  discharge  point  into  Belmont 
Bay.  The  Occoquan  River  and  Marumsco  Creek  are  the  east  and  west  boundaries  of  the  promontory  of 
land  on  which  WRF  is  located.  The  WRF  facility  is  drained  by  one  surface  water  channel  that  originates 
off  site  and  enters  the  site  property  near  the  Dawson  Beach  Road  (Route  687)  gate.  This  primary  drain¬ 
age  channel  is  Joined  by  at  least  three  other  tributaries  before  it  reaches  Occoquan  Bay,  Just  east  of 
Deep  Hole  Point  (see  Figure  2-2).  Past  site  activities  have  inciuded  the  deepening  and  straightening  of 
this  drainage  channel  as  well  as  the  construction  of  drainage  pathways  between  existing  (natural)  drain¬ 
age  features.  Because  of  the  known  modifications  to  the  natural  drainage,  this  primary  discharge  chan¬ 
nel  has  been  named  the  “Main  Ditch”. 

2.3  GEOLOGIC/HYDROGEOLOGIC  DESCRIPTION 

This  section  presents  information  on  the  physical  characteristics  of  the  subsurface  materials  at 
WRF.  General  characteristics  of  soils,  geology,  and  stratigraphy  are  presented  below. 

2.3.1  Soils 

The  soils  at  WRF  have  not  been  mapped  specifically.  However,  the  Prince  William  County  soil 
map  indicates  that  the  soils  beneath  the  site  include  the  Dumfries-Lunt-Marr  unit  and  associated  soil  from 
the  Neabsco-Quantico-Dumfries  unit.  The  following  section  is  a  summary  of  the  information  provided  in 
the  Soil  Survey  of  Prince  William  County,  Virginia  (USDA  SCS,  1989). 


DACA31-94-D-0064 
ESPSOI-437 
November  1997 


2-1 


Focused  Feasibility  Study 
for  Operable  Unit  One 
Final  Document 


Section  2.0 
Site  Background 


2.3.1 .1  Dumfries-Lunt-Marr 

These  are  very  deep,  well  drained  soils  that  have  a  loamy  or  clayey  subsoil.  This  soil  unit  con¬ 
sists  of  gently  sloping  to  very  steep  soils  on  terraces.  The  soils  are  undehain  by  fluviomarine  sediments 
of  sand,  silt,  clay,  and  gravel.  Minor  soil  associations  in  lowland  tidal  areas  include  the  Featherstone 
soils. 

1 .  The  Dummies  soils  are  on  strongly  sloping  to  moderately  steep  side  slopes.  They  are  well 
drained,  very  deep,  and  have  a  loamy  subsoil. 

2.  The  Lunt  soils  are  on  gently  sloping  to  moderately  steep  side  slopes.  They  are  well  drained, 
very  deep,  and  have  a  clayey  subsoil. 

3.  The  Afarr  soils  are  strongly  sloping  to  moderately  steep.  They  are  very  deep,  well  drained, 
and  have  a  high  content  of  fine  sand  and  very  fine  sand. 

4.  The  Featherstone  soils  are  present  at  low  elevations.  They  are  very  deep,  level  to  nearly 
level,  and  very  poorly  drained. 

The  Weston  (1992)  document  provided  more  site-specific  information  regarding  site  soils.  How¬ 
ever,  the  information  reported  there  has  not  been  corroborated  with  either  the  reference  provided  or  fol¬ 
low-up  investigation. 

2.3.2  General  Geology 

The  WRF  site  is  located  within  the  Coastal  Plain  Physiographic  province  which  is  characterized 
by  a  thick  wedge  of  unconsolidated  to  loosely  consolidated  sediments  ranging  in  age  from  Cretaceous  to 
Recent. 


Mixon  et  al.  (1989)^  report  that  the  WRF  is  underlain  by  Quaternary-age  sediments  that  were  de¬ 
posited  during  interglacial  high  stands  of  the  sea.  Two  members  of  the  Tabb  Formation  (Upper  Pleisto¬ 
cene)  are  shown  at  the  site  (see  Figure  2-3).  This  formation  is  comprised  of  gravel,  sand,  silt,  clay  and 
peat  lithostratigraphic  units  of  coast-parallel  plains  and  includes  coeval  terrace  deposits  along  major  riv¬ 
ers.  Stratigraphic  analysis  of  this  section  of  the  Coastal  Plain  sequence  has  been  difficult  and  as  a  re¬ 
sult,  the  Tabb  Formation  was  defined  in  order  to  clarify  stratigraphic  problems  encountered  by  regional 
stratigraphers  (Johnson  and  Peebles,  1991).  In  summary  of  the  work,  the  distribution  of  facies  within  this 
formation  is  complex  as  it  reflects  both  deposition  and  erosion  throughout  at  least  three  cycles  of  trans¬ 
gression/regression  within  the  alluvial  depositional  setting. 

A  geologic  map  has  not  been  developed  specifically  for  the  site.  However,  reconnaissance 
mapping  can  be  completed  based  on  the  Mixon  et  al.  (1989)  map  and  site-specific  information  such  as 
topography  and  boring  logs.  First,  the  site  topography  can  be  divided  into  two  general  areas:  1)  a  low 
and  relatively  flay-lying  area  along  the  reaches  of  the  Main  Ditch  and  to  the  south  and  east  of  the  site 
which  is  marshy  nearest  the  shore;  and  2)  the  northern,  central,  and  western  areas  of  the  site  which  are 
higher  in  elevation  and  exhibit  an  undulating  land  surface  (see  Figure  2-2).  based  on  the  regional  geo¬ 
logic  map  (Mixon  et  al.  1989).  Information  available  in  Froelich  (1985),  and  existing  site  information,  the 
higher  portions  of  the  site  are  probably  underlain  by  terrace  deposits  of  the  ancestral  Potomac  River  and 
the  lower  areas  are  probably  areas  where  terrace  deposits  have  been  eroded  away  (if  ever  present)  and 
where  more  recent  steam/river  deposits  overlie  the  ancestral  Potomac  River  deposits. 

2.3.3  Site  Stratigraphy 

Cross  sections  prepared  for  the  WRF  site  illustrate  the  complex  distribution  of  subsurface  geo¬ 
logic  materials.  Figure  2-2  depicts  cross  section  location  on  a  site-wide  topographic  map.  Figures  2-4 
through  2-13  are  the  geologic  cross  sections  prepared  using  boring  log  data  for  monitoring  wells  installed 
at  the  site.  Boring  log  data  are  presented  in  the  Rl  report  prepared  for  the  site  (USAEC,  1997).  The 


^  This  is  a  large-scale  map  of  Virginia  and,  therefore,  does  not  provide  geologic  detail  at  the  site.  A  literature  search  at  the  U.S.  Geologi¬ 
cal  Survey  foiled  to  Identify  any  small  scale  geologic  mapping  in  this  area  of  Prince  William  County.  However,  a  Fairfax  County  geologic 
map  (Froelich,  1985)  shovirs  similar  geology  on  the  land  parcel  adjacent  to  the  northeast  of  WRF. 
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cross  sections  depict  the  variability  in  site  subsurface  sediments.  For  example,  the  subsurface  stratigra¬ 
phy  presented  in  cross  section  A-A’  (Figure  2-4)  includes  units  composed  of  either  clay,  silt,  sand,  or 
gravel,  and  units  composed  of  mixtures  of  these  materials.  The  correlations  shown  on  A-A’  illustrate  the 
laterally  and  vertically  discontinuous  nature  of  the  stratigraphic  units^.  Cross  section  B-B’  (Figure  2-5) 
illustrates  what  appears  to  be  more  continuity  in  the  stratigraphic  units.  It  should  be  noted  that  this  ap¬ 
parent  continuity  may  be  a  function  of  well  and/or  sample  spacing  rather  than  actual  conditions.  The 
actual  variability  in  geologic  materials  may  be  much  greater  than  that  depicted  on  the  cross  sections  be¬ 
cause,  in  a  typical  sampling  program,  wells  are  not  spaced  closely  enough  to  allow  the  delineation  of 
each  sand  or  clay  layer/lens  In  a  heterogeneous  system.  In  other  words,  additional  wells  installed  along 
any  cross  section  may  show  that  the  stratigraphic  units  are  not  as  extensive  as  currently  shown.  There¬ 
fore,  correlations  shown  on  the  cross  sections  should  be  considered  estimated.  The  cross  sections  are 
useful,  however,  in  illustrating  the  heterogeneous  nature  of  the  subsurface  stratigraphy  at  WRF 
(vertically  and  laterally  discontinuous  units  with  highly  variable  grain-size  distributions). 

Cross  section  A-A’  shows  porous,  water-bearing  units/lenses  of  silty  sand,  sand  and  gravelly 
sand  overlain  by  a  more  continuous  unit  of  silty  clay  that  thins  to  the  southwest  near  Occoquan  Bay.  The 
silty  sand  and  sand  units  depicted  on  B-B’  are  also  overlain  by  a  silty  clay  layer  that  thins  near  Occoquan 
Bay.  Cross  section  C-C’  (Figure  2-6)  depicts  permeable  units  of  sand,  gravelly  sand,  and  sandy  silt  that 
appear  to  be  interbedded  or  grade  into  one  another  so  that  they  may  be  hydraulically  connected.  These 
units  are  overlain  by  silty  clay  that  thins  on  both  sides  of  the  section  where  it  nears  Occoquan  Bay. 
Cross  section  D-D’  (Figure  2-7)  depicts  interbedded  units  of  silty  sand,  sand  gravel,  and  silty  clay.  Silty 
clay  makes  up  the  surficial  deposits  except  at  well  MW-76,  near  Occoquan  Bay,  where  sand  outcrops  at 
the  surface.  Subsurface  geologic  deposits  in  the  area  of  the  site  covered  by  cross  sections  A  through  D 
appear  to  have  been  deposited  in  an  alluvial  setting.  For  example,  note  the  grading  of  grain  sizes  A-A’ 
where  sand  and  gravelly  sand  in  well  MW-80  appears  to  grade  into  sand  that  grades  into  silty  sand  in 
well  MW-60.  Similar  gradation  can  be  seen  in  cross  section  C-C’  where  sandy  silts  grade  into  sand  that 
grades  into  gravelly  sand.  The  apparently  extensive  units  of  near-surface  clay  and  silty  clay  could  have 
been  deposited  during  interglacial  periods.  The  thinning  of  surficial  clay  deposits  near  the  Bay  indicates 
that  this  layer  has  apparently  been  eroded  away  by  surface  water  bodies. 

Cross  section  E-E’  and  F-F’  (Figures  2-8  and  2-9)  depict  stratigraphy  similar  to  that  discussed 
above.  Porous,  water-bearing  units  of  sand,  gravelly  sand,  and  silty  sand  could  be  hydraulically  con¬ 
nected  due  to  gradation  between  units.  Water-bearing  units  are  overlain  by  a  unit  of  silty  clay  and  clay 
that  appears  to  be  continuous  near  the  surface.  This  surficial  clay  unit  does  not  thin  or  pinch  out  be¬ 
cause  these  cross  sections  are  not  as  close  to  the  Bay  or  Marumsco  Creek  as  cross  sections  A  through 
D.  In  fact,  the  surficial  clay  unit  becomes  thicker  in  upland  areas  such  as  beneath  the  Main  Pond  near 
PZ-12  on  cross  section  F-F’. 

Cross  sections  G-G’  and  H-H’  (Figures  2-10  and  2-11),  again,  are  similar  to  the  other  cross  sec¬ 
tions  in  their  depiction  of  water-bearing  units  that  may  be  hydraulically  connected  overlain  by  a  mostly 
continuous  layer  of  clay/silt.  Cross  section  G-G’  depicts  a  few  water-bearing  units  of  sand  and  gravelly 
sand  that  do  not  appear  to  be  hydraulically  connected  to  other  water-bearing  units.  These  units  are 
overlain  by  a  layer  of  silty  clay  that  likely  causes  aquifer  conditions  in  these  units  to  be  confined.  Cross 
section  H-H’  depicts  more  porous  units  that  could  be  hydraulically  connected.  Because  of  the  hydraulic 
connection,  these  units  may  act  together  as  one  aquifer.  This  aquifer  unit  is  overlain  by  a  layer  of  clay 
and  silty  clay  that  could  act  as  a  confining  unit.  However,  the  clay  unit  is  broken  by  a  silt  unit  near  the 
surface  at  MW-66.  In  the  area  of  this  well,  the  aquifer  could  be  under  unconfined  conditions  or  semi- 
confined  conditions  if  the  silt  layer  is  compacted  an/or  contains  clay. 

Cross  section  1-1’  (Figure  2-12)  was  constructed  to  depict  stratigraphic  conditions  in  the  area  of 
the  Main  Ditch.  This  cross  section  shows  discontinuous,  water-bearing  units  overlain  by  silty  clay  or  clay 
that  is  thicker  in  upland  areas.  Based  on  the  presence  of  clay  near  the  surface  in  most  areas  of  the  site, 
the  Main  Ditch  is  likely  underlain  by  a  clay  layer  that  separates  it  from  hydraulic  connection  to  deeper 
water-bearing  units.  However,  there  are  not  enough  wells  installed  in  the  Main  Ditch  area  to  confirm  this 
theory.  Cross  section  J-J’  (Figure  2-13)  depicts  similar  conditions  beneath  the  Main  Compound  area. 


^  stratigraphic  units  are  discontinuous  due  to  depositionai  (facies  changes)  and  erosionai  factors. 
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Note  that  two  well  clusters  were  used  in  cross  section  J-J’  (Figure  2-13)  depicts  similar  conditions  be¬ 
neath  the  Main  Compound  area.  Note  that  two  well  clusters  were  used  in  cross  section  J-J’.  in  well 
cluster  MW-62/56  (refer  to  Figure  2-2),  only  lithologic  data  from  well  MW-56  was  used  in  the  cross  sec¬ 
tion  because  MW-62  was  drilled  using  the  mud  rotary  method  that  does  not  allow  the  collection  of  de¬ 
tailed  lithologic  data.  In  well  cluster  MW-39/84  (refer  to  Figure  2-2),  only  lithologic  data  from  well  MW-84 
was  used  because  well  MW-39  is  shallow  and  the  boring  log  does  not  provide  as  much  lithologic  data  as 
the  log  for  MW-84.  The  boring  logs  for  both  wells  show  similar  lithologies;  however,  MW-39  notes  a 
sand-gravel-silt  material  of  unknown  thickness  at  approximately  6  feet  msl  that  was  not  noted  in  MW-84. 

In  summary,  the  stratigraphy  at  WRF  is  characterized  by  zones/lenses  of  porous,  water-bearing 
materials  that  are  hydraulically  connected  in  many  areas  but  are  discontinuous  in  others.  These  water¬ 
bearing  materials  are  hydraulically  connected  in  many  areas  but  are  discontinuous  in  others.  These  wa¬ 
ter-bearing  units  are  overlain  in  most  areas  of  the  site  by  a  clay  layer  that  thins  near  the  Bay  and  thick¬ 
ens  in  upland  areas. 

2.4  AQUIFER  SYSTEM  FRAMEWORK 

The  shallow  groundwater  flow  system  beneath  the  WRF  site  is  composed  of  laterally  discontinu¬ 
ous  clay,  silt,  sand,  and  gravel  units  of  varying  thickness  and  sorting  that  were  deposited  in  an  alluvial 
setting.  Hydrostratigraphic  units  have  not  been  defined  at  the  site  because  of  these  lateral  and  vertical 
discontinuities,  or  heterogeneity.  Boring  logs  for  on-site  monitoring  wells  suggest  that  the  primary  water¬ 
bearing  units  at  the  site  are  composed  of  sand  or  sand  and  gravel  that  is  often  present  below  dry  clay  or 
silt  units  (or  poorly-sorted  mixtures  of  silt  and  clay  with  sand).  Because  of  the  high  degree  of  heteroge¬ 
neity  in  geologic  materials  at  the  site,  the  extent  to  which  those  water-bearing  units  are  hydraulically  con¬ 
nected  is  not  known.  Therefore,  distinct  aquifer  units  have  not  been  identified  at  the  WRF. 

Table  2-1  summarizes  important  hydrogeologic  information  for  most  of  the  monitoring  wells  at 
the  site.  Boring  logs  were  reviewed  for  each  of  these  wells  to  estimate  the  approximate  thickness  of  dry 
clay  or  silt  above  the  screened  interval,  the  depth  at  which  water  was  first  encountered  during  drilling,  the 
number  and  types  of  different  lithologies  screened  by  each  well,  and  the  local  aquifer  condition  at  each 
well.  The  local  aquifer  condition  (unconfined  ,  confined,  or  semi-confined)  was  estimated  based  on  the 
lithology  in  each  borehole,  the  elevation  of  the  top  of  the  water-bearing  unit  screened  by  the  well  and  the 
stabilized  groundwater  elevation  (USAEC,  1997). 

From  the  geologic  cross  sections  it  is  clear  that  most  wells  have  several  feet  of  low-permeability 
material  (clay  or  silty  clay)  at  the  surface.  An  examination  of  geologic  information  and  groundwater  ele¬ 
vation  at  each  boring  reveals  that  most  wells  have  a  groundwater  elevation  that  rises  above  the  top  of 
the  water-bearing  unit(s)  screened  by  the  well.  These  observations  indicate  the  presence  of  confined  or 
semi-confined  aquifer  conditions  within  the  water-bearing  units  in  the  subsurface. 

Figure  2-14  is  a  bar  graph  of  two  parameters  for  each  well.  The  first  parameter  is  the  difference 
in  feet  between  the  elevation  at  which  water  was  first  encountered  in  each  of  the  borings  and  the  eleva¬ 
tion  at  which  the  water  level  in  the  well  stabilized  (data  presented  in  Table  2-1).  This  water  level  vari¬ 
ance  value  is  plotted  beside  the  second  parameter,  the  thickness  of  clay  above  the  well  screen.  It  is 
clear  that  there  is  a  positive  correlation  between  these  two  parameters.  Therefore,  at  well  location  where 
thick  clay  units  were  observed  above  the  screen,  the  equilibrated  water  level  measured  in  the  well 
strongly  suggests  confined  to  semi-confined  conditions  at  that  depth.  However,  it  should  be  noted  that 
unconfined  conditions  appear  to  exist  in  several  wells  (see  Table  2-1).  These  wells  are  located  in  both 
upland  and  low-lying  areas  across  the  site  and  do  not  appear  to  be  present  in  a  particular  pattern  that 
would  indicate  unconfined  conditions  in  specific  areas.  Rather,  aquifer  conditions  are  believed  to  be  a 
function  of  local  lithology  at  each  well. 

The  complex  stratigraphy  at  the  site  precludes  detailed  analysis  of  any  particular  hydros¬ 
tratigraphic  unit  because  the  extreme  heterogeneity  in  subsurface  geologic  materials  cannot  be  fully 
characterized  with  standard  monitoring  well  design  and  placement.  The  level  of  detailed  attained  using 
existing  monitoring  well  data  is  insufficient  to  define  hydrostratigraphic  units  or  to  map  water  levels  in 
each  unit  beneath  the  site.  For  example,  monitoring  well  MW-60  on  cross  section  A-A’  is  screened 
across  a  low-permeability  unit  of  interbedded  clay  and  silt,  a  water-bearing  unit  of  silty  sand,  and  a  unit  of 
silty  clay.  The  resulting  groundwater  elevation  is  an  average  of  the  hydraulic  head  in  each  of  these  geo- 
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logic  units.  Such  an  average  does  not  allow  an  accurate  evaluation  of  the  hydrogeologic  conditions  pre¬ 
sent  in  the  water-bearing  unit  screened  by  that  well.  Therefore;  groundwater  elevation  data  used  to  con¬ 
struct  water  level  maps  at  this  site  do  not  accurately  reflect  the  local-scale  groundwater  flow  conditions  in 
the  water-bearing  units  screened  by  each  well.  It  should  be  noted  that  groundwater  elevation  data  used 
to  construct  groundwater  contour  maps  for  this  site  must  be  clearly  identified  as  to  what  unit(s)  those 
data  represent  and  what  condition  is  implied  with  boring  data  (i.e.,  confined  versus  unconfined)  such  as 
that  provided  in  Table  2-1 . 

2.5  GENERALIZED  GROUNDWATER  FLOW  SYSTEM 

Two  main  factors  have  led  to  the  belief  that  although  complex,  the  lithologic  units  in  the  shallow 
groundwater  system  at  WRF  are  probably  hydraulically  connected  throughout  the  area  of  the  facility. 
First,  the  proximity  of  the  regional  discharge  point  (Occoquan  Bay)  suggests  that  all  groundwater  flow  in 
the  shallow  subsurface  will  converge  on  the  base  level  represented  by  the  Bay.  For  groundwater  to 
reach  this  regional  discharge  area,  either  preferred  hydraulic  connection  pathways  exist  between  water¬ 
bearing  units  or  enough  leakage  occurs  through  the  low-permeability  zones  separating  water-bearing 
units  that  water  moves  from  water-bearing  unit  to  water-bearing  unit  until  it  reaches  the  regional  dis¬ 
charge  area. 

Second,  when  the  water  level  distribution  at  the  site  is  contoured  in  the  context  of  both  stratigra¬ 
phy  and  topography  (the  main  controlling  factors),  the  conditions  under  which  groundwater  exists  are  re¬ 
flected  in  the  contours.  In  other  words,  in  areas  of  low  topography  (where  the  thinning  or  absence  of  a 
surficial  clay  layer  allows  water-bearing  units  to  be  under  unconfined  condition)  the  water  level  contours 
mimic  site  topography.  At  higher  elevations,  the  water  level  contours  (representing  water  levels  within 
more  porous  water-bearing  units  under  confined  conditions)  do  not  necessarily  mimic  site  topography 
because  groundwater  flow  in  upland  areas  is  controlled  by  the  thickness  and  distribution  of  water-bearing 
units  and  not  on  localized  surface  topography.  For  example,  on  cross  section  H-H’  water  levels  are  near 
the  surface  in  wells  installed  in  areas  of  low  topography  (MW-69,  MW-65,  MW-66,  and  MW-67)  whereas 
water  levels  in  wells  installed  in  areas  of  higher  elevation  (MW-59  and  MW-60)  are  much  lower. 

The  variable  topography  and  complex  stratigraphy  described  in  Sections  2.2  and  2.3.3  appear  to 
be  the  controlling  factors  on  groundwater  occurrence  in  the  shallow  subsurface  at  this  site.  These  factors 
control  whether  groundwater  occurs  under  unconfined  or  confined  conditions®  at  any  given  depth  and 
location.  The  subsurface  stratigraphy  also  controls  whether  water-bearing  units  are  hydraulically  con¬ 
nected  to  one  another.  Because  of  these  factors,  the  resulting  water  level  distribution  measured  from  on¬ 
site  wells  is  not  what  one  might  expect  for  typical  shallow  groundwater  (water  table)  conditions.  In  other 
words,  because  the  monitoring  wells  at  the  site  are  not  screened  in  one  discreet  aquifer^,  the  water  level 
distribution  measured  from  on  site  wells  does  not  represent  any  particular  hydrostratigraphic  unit;  rather, 
it  represents  averaged,  or  composite,  water  levels  in  the  shallow  subsurface  at  the  site. 

Because  the  water  level  distribution  is  complex  and  aquifer  units  have  not  been  defined  at  the 
site,  many  interpretations  of  small-scale  groundwater  flow  patterns  can  be  developed  based  on  the  data 
currently  available.  In  this  section,  two  different  interpretations  of  groundwater  flow  are  presented.  The 
first  assumes  that  water-bearing  units  are  hydraulically  connected,  leading  to  an  equilibration  of  water 
levels  regardless  of  local  aquifer  conditions  (confined  or  unconfined).  The  second  assumes  less  hydraulic 
connections  and  aquifer  conditions  that  are  more  dependent  on  the  stratigraphy  at  each  well.  The  small- 
scale  groundwater  flow  patterns  in  either  interpretation  could  prove  to  be  realistic.  However,  both  inter¬ 
pretations  show  that  the  larger-scale  groundwater  flow  pattern  at  the  site  is  radial  with  water  traveling 
from  recharge  areas  to  the  north  and  northwest  of  the  site  toward  the  regional  discharge  point  of  Occo¬ 
quan  Bay. 


®  This  assumption  is  based  on  boring  log  and  water  level  data  collected  at  the  site  to  date. 

*  Monitoring  well  screens  are  the  standard  length  of  1 0  feet  and,  therefore,  are  open  over  two  or  more  different  lithologies.  The  resulting 
water  level  represents  the  (weighted)  average  water-level  condition  in  each  of  the  screen  lithologies.  This  face  even  further  complicates 
the  understanding  of  water  level  distribution  at  the  site.  It  should  be  noted  that:  1 )  the  monitoring  wells  were  installed  to  intercept  the 
uppermost  water-bearing  units;  and  2)  that  prior  to  installation  of  the  monitoring  wells,  little  was  known  about  the  subsur^ce  at  WRF. 
Therefore,  the  use  of  1 0-foot  screens  for  wells  at  this  site  was  an  appropriate  use  of  standard  well  installation  methods. 
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The  first  interpretation  of  groundwater  flow  is  presented  in  a  composite  water  level  map  for  the 
site,  Figure  2-15.  This  map  combines  both  water  table  conditions  in  low-lying  areas  of  the  site  (where 
water  levels  mimic  site  topography)  and  confined  or  semi-confined  conditions  in  the  upland  areas  of  the 
site  (where  water  levels  are  independent  of  site  topography)  into  one  map  to  illustrate  the  complexity  of 
shallow  groundwater  flow  patterns.  It  is  believed  in  this  interpretation  that  both  confined  and  unconfined 
conditions  can  be  represented  on  a  single  contour  map  because  water-bearing  units  are  hydraulically 
connected,  resulting  in  an  equilibration  of  water  levels  with  the  regional  base  level.  Therefore,  regard¬ 
less  of  local  aquifer  conditions,  the  nearby  regional  discharge  area  is  a  base  level  to  which  water  levels 
equilibrate. 

Small-scale  groundwater  contours  are  complex,  with  flow  generally  moving  from  topographic 
highs  to  lows.  The  Main  Ditch  appears  to  be  hydraulically  connected  to  water-bearing  units,  resulting  in 
unconfined  conditions  immediately  north  of  the  Main  Compound  area.  However,  further  upstream  from 
that  location  the  lack  of  wells  prevents  the  characterization  of  the  hydraulic  relationship  between  the 
surface  and  groundwater.  In  the  remaining  areas  of  the  site,  radial  groundwater  flow  dominates. 

Second  interpretation  of  groundwater  flow  is  presented  in  additional  groundwater  elevation  con¬ 
tour  maps.  Four  different  contour  maps  were  created  based  on  screen  midpoint  elevation.  Wells  whose 
screen  midpoint  falls  within  a  10-foot  range  in  elevation  were  contoured  on  one  map  to  illustrate  the  point 
that  small-scale  radial  groundwater  flow  toward  regional  discharge  locations  remains  evident.  These 
groundwater  contour  maps.  Figures  2-16  through  2-19,  depict  the  behavior  of  groundwater  at  four  differ¬ 
ent  depths  within  the  shallow  aquifer  system,  1 0  to  0  feet  msl,  0  to  -1 0  feet  msl,  -1 0  to  -20  feet  msl,  and 
-20  to  -30  feet  msl.  The  wells  in  these  maps  were  assumed  to  be  under  a  more  confined  aquifer  condi¬ 
tion  than  that  depicted  in  the  composite  groundwater  contour  map  (Figure  2-15).  Therefore,  surface  wa¬ 
ter  features  such  as  the  Main  Ditch  do  not  have  as  much  control  over  groundwater  contours  on  these 
potentiometric  surface  maps. 

Figure  2-16  presents  groundwater  contours  based  on  groundwater  elevations  for  wells  whose 
screen  midpoint  falls  between  10  and  0  feet  msl.  On  this  map,  groundwater  moves  from  the  northwest¬ 
ern  portion  of  the  site  radially  toward  surface  water  bodies  (Marumsco  Creek,  Occoquan  Bay,  and  Bel¬ 
mont  Bay).  Figure  2-17  provides  a  similar  representation  for  wells  whose  screen  midpoint  falls  between 
0  and  -10  feet  msl.  Figure  2-18  presents  contours  constructed  based  on  groundwater  elevations  for 
wells  with  screen  midpoint  between  -10  to  -20  feet  msl.  Radial  groundwater  flow  is  also  apparent  based 
on  these  contours.  However,  groundwater  contours  in  the  area  just  north  of  the  Main  Compound  area 
have  an  unusual  bend.  This  bend  could  be  accounted  for  if  a  zone  of  high  hydraulic  conductivity  exists 
in  a  north-south  orientation  in  the  area  of  MW-57.  A  high-conductivity  zone  in  this  area  would  cause 
groundwater  contours  to  be  refracted  from  surrounding  low-conductivity  areas  toward  the  MW-57  area. 
Another  explanation  for  such  curvature  of  groundwater  contours  in  this  area  is  the  presence  of  uncon¬ 
fined  conditions  at  MW-57  and  confined  conditions  in  surrounding  areas.  Figure  2-19  presents  ground- 
water  contours  based  on  groundwater  elevations  for  wells  whose  screen  midpoint  falls  between  -20  to  - 
30  feet  msl.  Radial  groundwater  flow  is  apparent  based  on  these  contours.  On  these  groundwater  con¬ 
tour  maps,  there  is  very  little  interaction  between  small  surface  water  features  (such  as  the  Main  Ditch) 
and  groundwater  due  to  the  presence  of  a  confining  clay  unit  that  separates  water-bearing  units  from 
surface  water  bodies. 

Because  the  nature  of  aquifer  is  not  simple,  nor  is  it  well  defined,  either  of  the  above  interpreta¬ 
tions  of  groundwater  flow  at  WRF  may  represent  the  actual  groundwater  flow  condition.  However,  both 
interpretations  indicate  that,  on  a  larger  scale,  radial  groundwater  flow  is  present  from  upland  areas  to¬ 
ward  regional  discharge  points  such  as  Occoquan  Bay,  Marumsco  Creek,  and  Belmont  Bay. 

2.6  SUMMARY 

The  hydrogeology  at  the  WRF  is  characterized  by  complex  stratigraphy  and  variable  topography. 
Therefore,  these  factors  are  Important  in  determining  aquifer  conditions  and  groundwater  flow  patterns 
beneath  the  site.  The  geClogic  materials  beneath  the  site  are  a  heterogeneous  mixture  of  clay,  silt,  sand, 
and  gravel.  Porous,  water-bearing  units  were  deposited  as  discreet  zones  or  lenses  while  clay  layers 
appear  to  have  been  deposited  as  more  continuous  units.  Due  to  heterogeneity,  the  permeability  of  sub¬ 
surface  materials  changes  dramatically  from  point  to  point  beneath  the  site.  Because  these  small-scale 
changes  can  not  be  delineated  with  the  available  data,  the  degree  of  hydraulic  connection  between  wa- 
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ter-bearing  units  is  not  known.  Therefore,  both  unconfined  and  confined  conditions  may  exist  beneath 
the  site.  As  a  result,  two  interpretations  of  groundwater  flow  have  been  presented  here,  one  that  assumes 
primarily  unconfined  conditions  and  one  that  assumes  confined  conditions.  These  two  interpretations  of 
groundwater  flow  depend  on  the  degree  of  hydraulic  connection  between  water-bearing  units.  To  define 
the  degree  of  hydraulic  connection  between  water  bearing  units  at  the  site,  a  higher  level  of  data  is  re¬ 
quired  than  is  currently  available.  Additional  lithologic  data  would  be  required  to  determine  whether  wa¬ 
ter-bearing  units  are  continuous  or  discreet.  In  addition,  to  define  the  hydraulic  character  of  these  water¬ 
bearing  units,  wells  must  be  installed  and  carefully  screened  in  the  water-bearing  unit  of  interest  only  to 
obtain  groundwater  elevations  that  are  reflective  of  the  hydraulic  character  of  the  aquifer  material. 

The  level  of  data  currently  available  for  the  site  allows  a  reasonable  estimate  of  the  pattern  of 
regional  groundwater  flow  at  the  site.  Water  levels  in  the  shallow  aquifer  system  appear  to  be  controlled 
by  the  nearby,  local  base  level  of  Occoquan  Bay,  which  is  a  regional  discharge  point  for  shallow  ground- 
water.  Groundwater  moves  radially  from  upland  recharge  areas  north  and  northwest  of  the  site  toward 
Marumsco  Creek,  Occoquan  Bay,  and  Belmont  Bay. 

The  interaction  between  the  Main  Ditch  and  groundwater  is  difficult  to  assess  with  available  well 
data.  It  is  expected  that  over  its  course  across  the  site  property,  the  Main  Ditch  both  loses  and  gains 
water  depending  on  the  underlying  hydrogeologic  unit  and  its  degree  of  hydraulic  connection  with  the 
Main  Ditch.  However,  the  composite  water  level  map  is  drawn  to  show  effluent  conditions  throughout  its 
length  to  account  for  the  possibility  of  shallow  groundwater  discharge  from  the  subsurface  to  the  ditch. 
There  is  a  strong  possibility  that  in  areas  where  the  ditch  flows  across  surface  clay  units,  there  is  little 
interaction  between  groundwater  and  the  ditch. 

2.7  SURFACE  WATER  FLOW 

The  facility  is  located  in  the  Occoquan  River  drainage  basin  of  the  Occoquan  watershed. 
Marumsco  Creek  bounds  WRF  on  the  southwest  and  drains  into  Occoquan  Bay.  The  Occoquan  Bay 
bounds  the  facility  to  the  south.  Belmont  Bay,  which  is  located  on  the  facility's  northeast  side,  is  mainly 
fed  by  the  Occoquan  River.  The  facility  is  bisected  by  an  unnamed  creek  originating  from  residential  and 
partly-industrialized  areas  to  the  north.  This  creek  flows  around  the  main  compound,  and  is  fed  by  sev¬ 
eral  smaller  drainages  before  discharging  to  Belmont  Bay.  Several  additional  drainages  are  found  on  the 
property.  These  waters  are  tidal  tributaries  of  the  Potomac  River  and  are  classified  by  the  Common¬ 
wealth  of  Virginia  as  Class  II  (tidal  fresh)  waters. 

An  installation-wide  jurisdictional  wetlands  delineation  of  WRF  was  conducted  in  the  spring  and 
summer  of  1995,  in  conjunction  with  the  Rl.  A  wetlands  delineation  map  was  constructed  for  OU1  and  is 
presented  as  Figure  A-1  in  Appendix  A. 

The  results  of  the  wetland  delineation  at  WRF  indicate  that  at  least  six  different  wetland  classifi¬ 
cations  can  be  found  on  the  installation.  These  classifications  include  several  types  of  scrub-shrub, 
emergent,  and  forested  wetlands,  all  of  which  are  categorized  in  the  palustrine  ecological  system. 

A  large  central  Jurisdictional  wetland  complex  extends  from  the  Occoquan  Bay  to  the  northern 
installation  boundary,  generally  following  the  course  of  several  natural  and  man-made  drainage  swales. 
Additionally,  smaller  wetlands  exist  along  the  western  area  that  flows  into  the  Belmont  Bay,  and  in  iso¬ 
lated  depressional  areas  south  and  east  of  the  main  cantonment  area. 

2.7.1  Lithology  of  Sediment 

The  lithology  of  the  bottom  sediment  within  Marumsco  Creek  and  the  drainage  ditches  located 
within  WRF  is  controlled  by  current-velocity  distributions.  Coarse-grained  materials  are  typically  found  in 
the  areas  where  current  velocities  are  insufficient  to  transport  these  materials  and  yet  sufficient  to  trans¬ 
port  the  fine-grained  materials.  Organic-rich,  fine-grained  material  settles  out  of  suspension  in  more 
dormant  areas  of  creeks  and  drainage  ditches.  Tidal  currents  in  the  Belmont  and  Occoquan  bays  are 
such  that  their  bottom  sediments  are  composed  of  sand,  which  is  coarser  along  the  shoreline  due  to 
wave  action. 
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2.8  SITE  HISTORY 

WRF  occupies  approximately  579  acres  of  land  (USAEC,  1995b).  It  is  bounded  on  the  south  and 
east  by  the  Occoquan  and  Belmont  Bays.  The  facility  is  bounded  on  the  west  by  the  Marumsco  National 
Wildlife  Refuge  and  physically  by  the  Marumsco  Creek.  The  entrance  to  WRF  is  located  on  Dawson 
Beach  Road,  east  of  U.S.  Route  1.  Residential,  commercial,  and  industrial  areas  are  located  north  of 
WRF. 


In  1952,  the  property  was  assigned  to  the  U.S.  Army  Command  and  Administrative  Communica¬ 
tions  Agency  and  designated  as  the  Army  Transmitting  Station.  In  1962,  the  Station  was  reassigned  to 
the  U.S.  Army  Continental  United  States  (CONUS)  Regional  Communications  Command  and  redesig¬ 
nated  as  the  East  Coast  Radio  Transmitting  Station.  In  1965,  the  Station  was  placed  under  the  U.S. 
Army  Strategic  Communications  Command.  The  Station  was  inactive  for  one  year,  from  July  1969  to 
July  1970,  before  the  U.S.  Army  Mobility  Equipment  Research  and  Development  Center  (MERDC)  ad¬ 
ministered  the  Station.  During  that  time,  seven  acres  reserved  for  housing  were  transferred  to  Fort  Bel- 
voir,  which  is  located  approximately  six  miles  northeast  of  the  WRF.  In  1971,  a  consolidation  of  U.S. 
Army  Materiel  Command  (USAMC)  nuclear  weapons  effects  research  and  test  activities  resulted  in  the 
transfer  of  642  acres  of  the  land  to  Harry  Diamond  Laboratories  of  Adelphi,  Maryland.  The  site  was 
designated  as  the  Woodbridge  Research  Facility  and  in  August  1973,  63  acres  of  the  installation  in  the 
vicinity  of  Marumsco  Creek  were  transferred  to  the  U.S.  Department  of  the  Interior  for  use  as  a  park  and 
wildlife  refuge  (Marumsco  National  Wildlife  Refuge):  and  the  Electromagnetic  Effects  Laboratory  was 
physically  relocated  from  Fort  Belvoirto  WRF. 

In  1991,  the  Defense  Base  Realignment  and  Closure  Commission  recommended  realignment  of 
the  Army  activities  being  conducted  at  WRF.  In  October  1992,  Harry  Diamond  Laboratory  was  absorbed 
into  the  Army  Research  Laboratory  in  Adelphi,  Maryland,  and  most  activities  were  relocated  to  the  Adel¬ 
phi  Laboratory  Center,  in  Adelphi,  Maryland.  The  WRF  was  closed  as  an  active  Army  facility  on  Sep¬ 
tember  16, 1994.  The  property  will  be  transferred  to  the  USFWS  for  use  as  a  wildlife  refuge  sometime  in 
the  near  future. 

WRF  has  49  sites  of  concern  identified  as  AREEs.  These  49  AREEs  are  listed  in  Table  2-2  and 
shown  in  Figures  2-20  and  2-21 .  Previous  investigations  have  shown  that  contaminated  media  exists  at 
many  of  these  AREEs.  OU1  (approximately  24  acres)  has  been  defined  as  the  area  of  WRF  bounded  by 
Deephole  Point  Road  to  the  east.  Lake  Drive  to  the  west,  and  Marumsco  Creek  and  Occoquan  Bay  to  the 
south.  OU1  is  comprised  of  AREE  1  (Former  Dump  No.  1),  AREEs  2  and  5  (Former  Dumps  No.  2  and 
5),  AREE  3  (Former  Dump  No.  3),  AREE  4  (Former  Dump  No.  4),  AREE  6A  (Former  Dump  No.  6A), 
AREE  6B  (Former  Dump  No.  6B)  and  AREE  7  (Former  Pistol  Range).  Figure  2-20  shows  OU1  and  the 
AREE  locations  within  OU1 . 

2.9  USAEC  REMEDIAL  INVESTIGATION  BACKGROUND  SAMPLING,  1996 

The  following  samples  were  collected  from  background  locations  near  and  within  WRF:  five 
surface  soil  samples  (0-6  inches  below  ground  surface  [bgs]);  three  surface  soil  samples  (0  to  2  feet  bgs) 
and  six  subsurface  soil  samples  (varying  depths)  collected  from  borings  which  were  later  converted  to 
monitoring  wells;  two  rounds  of  groundwater  samples  from  four  background  monitoring  wells;  and  five 
surface  water  and  sediment  samples.  This  section  presents  the  results  of  the  background  analyses.  The 
locations  for  on-site  background  samples  are  presented  on  Figure  2-22  and  the  locations  for  the  surface 
water/sediment  samples  are  presented  in  Figure  2-23. 

2.9.1  Determination  of  Background  Concentrations 

A  statistical  analysis  was  performed  for  all  sampled  media,  in  order  to  determine  if  detected  lev¬ 
els  of  inorganic  compounds  present  at  the  site  were  representative  of  naturally  occurring  background 
levels. 

2.9.1. 1  SurfyceSoil 

Five  surface  soil  samples  (RIBKSS1  through  RIBKSS5)  were  collected  from  on-site  locations 
that  were  upgradient  and/or  unaffected  by  past  site  activities.  The  locations  of  the  surface  soil  samples 
are  presented  on  Figure  2-22.  These  five  background  surface  soil  samples  were  analyzed  for  TCL 
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VOCs,  TCL  SVOCs,  pesticides/PCBs,  PAHs,  PCTs,  TPH,  and  TAL  metals.  Inorganics  detected  in  back¬ 
ground  surface  soil  samples  are  presented  in  Table  2-3.  Organics  detected  in  background  surface  soil 
samples  are  presented  in  Table  2-4. 

Summary  of  Results.  The  following  is  a  summary  of  the  inorganics  detected  in  the  background 
surface  soil  samples.  Aluminum  was  detected  in  all  samples  in  a  range  of  concentrations  from 
6,550  ng/g  to  14,600  i^g/g.  Arsenic  was  detected  once  at  3.85  ng/g  in  RIBKSS1,  but  was  not 
detected  in  the  duplicate.  Barium  was  detected  in  RIBKSS3  and  RIBKSS5  at  67  jxg/g,  and  73.4 
ng/g,  respectively.  Beryllium  was  detected  in  all  samples  except  RIBKSS4,  with  a  maximum 
detected  concentration  of  0.785  |ig/g.  Calcium  was  detected  in  all  samples  except  RIBKSS1 
with  a  maximum  concentration  of  1,020  i^g/g.  Chromium,  cobalt,  copper,  and  iron  were  detected 
in  all  samples  with  maximum  detected  concentrations  of  26.7  ng/g,  12.7  ng/g,  12/6  ng/g,  and 
23,900  ng/g,  respectively.  Lead  was  detected  in  all  samples  except  RIBKSS2  with  a  maximum 
detected  concentration  of  22.4  (ig/g.  Magnesium,  manganese,  nickel,  potassium,  sodium, 
vanadium,  and  zinc  were  also  detected  in  all  samples  with  maximum  detected  concentrations  of 
1,700  ^g/g,  677  ^g/g,  8.98  ng/g,  597  ng/g,  487  ng/g,  47.1  ^g/g,  and  40.4  fig/g,  respectively. 
Selenium  was  detected  in  one  sample  (RIBKSS3)  at  14.2  fxg/g. 

Four  organic  compounds,  benzo(b)fluoranthene,  benzo(k)fluoranthene,  flouranthene,  and 
indeno(1,2,3-cd)pyrene,  were  detected  in  all  background  surface  soil  samples  at  maximum 
concentrations  of  0.01  ^g/g  (RIBKSS3),  0.005  ng/g  (RIBKSS3  and  RIBKSS5),  0.018  p,g/g 
(RIBKSS3),  and  0.01  |j,g/g  (RIBKSS4),  respectively.  Aldrin  and  methylene  chloride  were 
detected  at  one  location  at  concentrations  of  0.003  ^g/g  (RIBKSS2),  and  0.02  ng/g  (RiBKSS5), 
respectively.  Anthracene  and  benzo  (g,h,i)  perylene  were  detected  at  maximum  concentrations 
of  0.028  ng/g  and  0.011  ng/g,  respectively  in  samples  collected  from  RIBKSS3,  RIBKSS4,  and 
RIBKSS5.  Benzo(a)anthrancene,  benz(a)pyrene,  and  pyrene  were  detected  in  all  samples 
except  RIBKSS1,  with  maximum  concentrations  of  0.005  ng/g,  0.008  )xg/g,  and  0.023  ^.g/g, 
respectively.  Phenanthrene  was  detected  in  RIBKSS1  and  RIBKSS2  with  a  maximum 
concentration  of  0.347  ng/g  in  RIBKSS1 . 

2.9.1. 2  Subsurface  Soil 

Subsurface  Soil  samples  were  collected  from  borings  in  which  background  monitoring  wells  MW- 
52,  MW-53,  and  MW-54  were  installed  for  the  Rl.  The  locations  for  these  samples  are  shown  on  Figure 
2-22.  The  samples  were  collected  from  0  to  2  feet  bgs  and  every  5  feet  thereafter  to  the  water  table.  All 
subsurface  soil  samples  were  analyzed  for  TCL  VOCs,  TCL  SVOCs,  pesticides/PCBs,  TAL  metals,  and 
polychlorinated  terphynles  (PCTs).  The  soil  samples  collected  from  these  background  locations  were 
grouped  into  two  categories  for  risk  assessment  purposes. 

The  first  grouping  (which  consists  of  three  samples)  were  samples  collected  from  0  to  2  feet  bgs. 
These  data  were  combined  with  the  five  background  surface  soil  samples  to  bolster  the  data  set  for 
background  surface  soil.  Therefore,  a  total  of  eight  surface  soil  samples  were  used  to  statistically  deter¬ 
mine  which  site  surface  soil  concentrations  were  within  background  levels.  Detected  compounds  for  this 
set  of  subsurface  soil  samples  is  given  in  Table  2-5. 

The  second  grouping  from  the  subsurface  soil  samples  consisted  of  samples  collected  at  depths 
below  2  feet  bgs.  The  six  samples  collected  from  2  feet  bgs  to  the  water  table  were  grouped  for  the  pur¬ 
poses  of  determining  which  compounds  detected  in  on-site  samples  were  within  background  levels.  De¬ 
tected  compounds  for  this  set  of  subsurface  soil  samples  is  presented  in  Table  2-6. 

Summary  of  Results  The  following  inorganics  were  detected  in  all  subsurface  soil  samples  from 
0  to  2  feet  bgs  (the  maximum  concentration  detected  is  also  listed):  aluminum  22,000  ng/g; 
beryllium,  0.814  fxg/g;  calcium,  1,150  jig/g;  chromium,  31.3  ^g/g;  cobalt,  16.6  ^g/g;  copper,  11.5 
ng/g;  iron,  28,100  fig/g;  magnesium,  2610  ng/g,  manganese,  875  ^g/g;  nickel,  11.9  ^g/g; 
potassium,  936  ng/g;  sodium,  453  ^g/g:  vanadium,  58.9  |xg/g;  and  zinc,  43.9  ng/g.  Barium  and 
lead  were  detected  in  MW-53  and  MW-54  soils  from  0  to  2  feet  bgs  with  maximum 
concentrations  of  92.4  ^g/g  and  17.7  ng/g,  respectively.  Arsenic  was  detected  in  MW-53  from  0 
to  2  feet  bgs  at  3.24  ng/g.  Selenium  was  detected  in  the  MW-54  subsurface  0  to  2  feet  bgs  soil 
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sample  at  13  i^g/g.  Bis  (2-ethylhexyl)phthalate  was  the  only  organic  to  be  detected  in  subsurface 
soil  samples  from  0  to  2  feet  bgs.  It  was  detected  in  MW-53  and  MW-54  at  0.18  pg/g  and  0.50 
^g/g,  respectively. 

The  following  inorganics  were  also  detected  in  most  subsurface  soil  samples  collected  from  2 
feet  bgs  to  the  water  table  (maximum  detected  concentration  is  also  listed);  aluminum,  18,200 
pg/g;  barium,  93  pg/g;  beryllium,  1.02  pg/g;  calcium,  911  pg/g;  chromium,  25  pg/g;  cobalt,  13.9 
pg/g  copper,  19.1  pg/g;  iron,  27,800  pg/g,  magnesium,  3,700  pg/g;  manganese,  617  pg/g;  nickel, 
20.9  pg/g;  potassium,  624  pg/g;  sodium,  939  pg/g;  vanadium,  60.3  pg/g,  and  zinc,  55.6  pg/g.  No 
organic  compounds  were  detected  in  subsurface  soil  samples  from  2  feet  bgs  to  the  water  table. 

2.9.1. 3  Sediment 

Five  sediment  samples  (RISDBK1  through  RISDBK5)  were  collected  from  Mason  Neck  Wildlife 
Refuge,  which  is  located  east  of  WRF.  Since  Mason  Neck  is  located  across  the  Belmont  Bay  from  WRF, 
it  has  not  been  impacted  from  past  activities  related  to  WRF.  The  samples  were  collected  from  0  to  6 
inches  and  were  analyzed  for  TCL  VOCs,  TCL  SVOCs,  pesticides/PCBs,  PAHs,  TAL  metals,  PCTs, 
TPH,  grain  size  distribution,  and  total  organic  carbon  (TOC).  Background  sediment  samples  locations 
are  presented  in  Figure  2-23.  Table  2-7  and  2-8  present  the  inorganic  and  organic  compounds  detected 
in  the  background  sediment  samples,  respectively. 

Summary  of  Results.  The  following  inorganics  were  detected  in  all  sediment  background 
samples  (maximum  detected  concentration  is  also  listed):  aluminum,  16,900  pg/g;  beryllium, 
1.38  pg/g;  calcium,  6,000  pg/g;  chromium,  33.7  pg/g;  cobalt,  21.4  pg/g;  copper,  44.4  pg/g;  iron, 
36,500  pg/g:  magnesium,  3,740  pg/g;  manganese,  1,690  pg/g;  nickel,  30.3  pg/g;  potassium, 
2,120  pg/g:  sodium,  1,710  pg/g;  vanadium,  54.1  pg/g;  and  zinc,  168  pg/g.  In  addition,  barium 
was  detected  in  RISDSK1  at  175  pg/g  and  lead  was  detected  in  four  of  the  background  sediment 
samples  with  a  maximum  detected  concentration  of  42.2  pg/g. 

Several  PAHs,  including  anthracene,  benzo(a)anthracene,  benzo(a)pyrene,  benzo(g,h,i)perylene, 
benzo(k)fluoranthene,  dibenz(a,h)anthracene,  fluoranthene,  indeno(1,2,3-cd)pyrene,  and  pyrene 
were  detected  in  most  if  not  all  background  sediment  samples  at  low  levels  (<1  pg/g).  In 
addition,  1-methyinapthalene,  benzo(b)fluoranthene,  and  fluorene  were  detected  in  three 
background  sediment  samples  with  maximum  detected  concentrations  of  1.14  pg/g,  0.083  pg/g, 
and  0.355  pg/g,  respectively.  Acenaphthene  and  methylene  chloride  were  detected  in  two 
background  samples  with  a  maximum  detected  concentrations  of  1.27  pg/g  and  0.061  pg/g, 
respectively.  Napthalene  was  detected  in  RISDBK3  at  0.636  pg/g. 

2.9.1. 4  Surface  Water 

At  each  sediment  sample  location,  a  surface  water  sample  was  also  collected.  Surface  water 
samples  were  collected  from  0-6  inches  below  the  water  surface  and  were  analyzed  for  TCL  VOCs,  TCL 
SVOCs,  pesticides/PCBs,  PAHs,  TAL  metals,  PCTs,  TPH,  total  suspended  solids,  alkalinity,  and  hard¬ 
ness.  Background  surface  water  samples  locations  are  presented  in  Figure  2-23.  Inorganic  compounds 
detected  in  the  surface  water  samples  are  given  in  Table  2-9. 

Summary  of  Results.  The  following  inorganics  were  detected  in  all  surface  water  background 
samples  (maximum  detected  concentration  is  also  listed):  aluminum  1,930  pg/L;  barium  41.8 
pg/L;  calcium  22,200  pg/L;  iron  2,510  pg/L;  lead  1.9  pg/L;  magnesium  7,500  g/L;  manganese 
303  pg/L;  potassium  3,670  pg/L;  and  sodium  16,500  pg/L,  The  concentrations  detected  in  the 
surface  water  samples  did  not  vary  much  from  sample  to  sample.  Arsenic  was  detected  in 
RISWBK1  at  1.4  pg/L  and  chromium  was  detected  in  RISWBK2  at  10.8  pg/L.  No  organic 
compounds  were  detected  in  background  surface  water  samples. 

2.9.1. 5  Groundwater 

Two  rounds  of  groundwater  samples  were  collected  from  shallow  monitoring  wells  MW-52, 
MW-53,  MW-54,  and  deep  monitoring  well  MW-63  for  a  total  of  eight  samples.  All  groundwater  samples 
were  analyzed  for  TCL  VOCs,  TCL  SVOCs,  pesticides/PCBs,  PCTs  (first  round  only),  TAL  metals,  PAHs, 
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and  TPH.  The  samples  collected  from  MW-52,  MW-53,  MW-54,  and  MW-63  were  used  to  characterize 
inorganic  background  concentrations  for  groundwater.  Organic  compounds  detected  in  the  background 
groundwater  samples  were  not  used  to  establish  an  organic  background  baseline.  Refer  to  Figure  2-22 
for  the  location  of  the  background  monitoring  wells.  Table  2-10  is  a  summary  of  the  inorganic  com¬ 
pounds  detected  in  the  background  groundwater  samples.  Table  2-11  is  a  summary  of  the  organic  de¬ 
tections  reported  by  the  laboratory  for  the  background  groundwater  samples. 

Summary  of  Results.  The  following  inorganics  (maximum  concentration  detected  is  also  listed) 
were  detected  in  most  if  not  all  background  groundwater  samples:  aluminum,  12,500  pg/L; 
barium,  107  pg/L;  calcium,  12,800  pg/L,  iron,  9,620  pg/L,  magnesium,  7,720  pg/L;  manganese, 
354  pg/L;  potassium,  20,900  pg/L;  and  sodium,  44,300  pg/L.  Arsenic  was  detected  in  wells 
MW-53  and  MW-63  with  a  maximum  detected  concentration  of  6.9  pg/L,  Cadmium  was 
detected  in  wells  MW-53,  MW-54,  and  MW-63  with  a  maximum  detected  concentration  of  0.8 
pg/L.  Chromium  and  copper  were  detected  at  22.3  pg/L  and  8.9  pg/L,  respectively  in  MW-53. 
Lead  was  detected  in  MW-53  with  a  maximum  concentration  of  6.3  pg/L.  Nickel  was  detected  at 
18.4  pg/L  in  MW-52.  Selenium  was  detected  in  all  wells  except  MW-54  (maximum 
concentration  of  4.2  pg/L)  during  the  first  round  of  sampling  but  was  not  detected  in  samples 
collected  during  the  Round  2  sampling.  Thallium  was  detected  in  MW-53  at  0.1  pg/L  in  the 
Round  1  sample  but  was  not  detected  in  the  Round  2  sample.  Vanadium  was  detected  in 
MW-63  for  samples  collected  from  both  sampling  rounds  and  in  well  MW-53  in  the  sample 
collected  during  Round  1 .  The  maximum  detected  concentration  of  vanadium  in  the  background 
samples  was  31.4  pg/L  (MW-63).  Zinc  was  detected  in  samples  from  wells  MW-52  and  MW-53 
during  the  Round  1  sampling  and  in  the  MW-52  sampling  during  Round  2  with  a  maximum 
detected  concentration  of  46.0  pg/L. 

Monitoring  well  MW-63  was  installed  as  a  deep  background  monitoring  well  for  the  Rl.  However, 
elevated  levels  of  organic  compounds  were  unexpectedly  detected  in  the  well.  An  additional 
AREE  (AREE  41 ,  Old  Homestead)  was  created  to  further  evaluate  an  old  homestead  area  that 
may  be  the  source  for  the  contamination  detected  in  this  well.  Inorganic  results  from  MW-63 
were  used  to  develop  site  specific  background  concentrations  in  groundwater.  The  organic 
compounds  that  were  detected  in  groundwater  were  not  used  to  establish  a  background  organic 
database.  The  following  organic  compounds  were  detected  in  groundwater  samples  collected 
from  MW-63  during  Round  1:  1-methylnapthalene  (119  pg/L);  2-methylnapthalene  (80.5  pg/L); 
acenaphthene  (11.0  pg/L);  acenapthylene  (6.34  pg/L);  endosulfan  B  (0.021  pg/L);  endosulfan 
sulfate  (0.027  pg/L);  endrin  (0.022  pg/L);  ethybenzene  (13  pg/L);  fluoranthene  (0.063  pg/L); 
fluorene  (3.2  pg/L);  napthalene  (30  pg/L);  phenanthrene  (8.69  pg/L);  pyrene  (0.158  pg/L);  toluene 
(5.2  pg/L);  TPH,  as  diesel  (900  pg/L):  TPH,  as  gas  (740  pg/L);  and  xylenes  (54  pg/L).  Organic 
compounds  (and  their  respective  maximum  concentrations)  detected  during  Round  2  sampling 
are  as  follows:  1-methylnapthalene  (101  pg/L);  2-methylnapthalene  (79.3  pg/L  and  78.8  pg/L)  in 
MW-63  duplicate;  acenapthene  (4.17  pg/L  and  8.27  pg/L)  in  MW-63  duplicate;  acenapthylene 
(3.01  pg/L);  anthracene  (2.00  pg/L);  BHC.B  (0.017  pg/L);  BHC.G  (0.098  pg/L);  dieidrin  (0.026 
pg/L)  and  0.018  pg/L  in  MW-63  duplicate;  dimethyl  phthaleate  (3.90  g/L  in  MW-63  duplicate); 
endosulfan  sulfate  (0.019  pg/L);  ethylbenzene  (5.30  pg/L)  and  5.20  pg/L  in  MW-63  duplicate; 
fluoranthene  (0.069  pg/L)  and  2.01  pg/L  in  MW-63  duplicate;  phenanthrene  (6.43  pg/L)  and  6.35 
pg/L  in  MW-63  duplicate  pyrene  (0.162  pg/L)  and  0.137  pg/L  in  MW-63  duplicate;  tolunene  (2.30 
pg/L)  and  2.10  pg/L  in  MW-63  duplicate;  TPH,  as  diesel  (1,140  pg/L)  and  1,130  pg/L  in  MW-63 
duplicate;  TPH,  as  gas  (558  pg/L)  and  538  pg/L  in  MW-63  duplicate;  and  xylenes  (32.0  pg/L)  and 
31.0  pg/L:  in  MW-63  duplicate. 

Inorganics  compounds  detected  in  Round  1  from  MW-63  are  as  follows:  aluminum  (635  pg/L); 
arsenic  (1 .6  pg/L);  barium  (30.8  pg/L);  calcium  (24,300  pg/L);  iron  (433  pg/L);  magnesium  (3,580 
pg/L);  manganese  (12  pg/L);  potassium  (14,000  pg/L);  selenium  (2.7  pg/L);  sodium  (41,300 
pg/L);  and  vanadium  (12.3  pg/L).  The  following  inorganic  compounds  were  detected  in  the 
groundwater  sample  and  duplicate  collected  from  MW-63  during  Round  2;  aluminum  (780  pg/L) 
and  514  pg/L  in  the  MW-63  duplicate;  arsenic  (6.9  pg/L)  and  6.5  pg/L  in  the  sample  collected 
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from  the  MW-63  duplicate;  barium  (30.3  ng/L)  and  27.2  ng/L  in  the  MW-63  duplicate;  cadmium 
(0.2  ng/L  in  the  MW-63  duplicate);  calcium  (42,800  ^g/L)  and  41,600  pg/L  in  the  MW-63 
duplicate;  iron  (532  pg/L)  and  209  pg/L  in  the  MW-63  duplicate;  lead  (1.2  pg/L)  in  the  MW-63 
duplicate;  magnesium  (225  pg/L)  and  157  pg/L  in  the  MW-63  duplicate;  manganese  (10.8  pg/L) 
potassium  (20,900  pg/L)  and  20,300  pg/L  in  the  MW-63  duplicate;  sodium  (44,300  pg/L)  and 
42,700  pg/L  in  the  MW-63  duplicate  and  vanadium  (31.4  pg/L)  and  28.2  pg/L  in  the  MW-63 
duplicate. 

Two  organic  compounds  were  detected  in  background  monitoring  well  MW-52.  Anthracene  was 
detected  at  0.113  pg/L  in  the  MW-52  Round  1  sample  but  was  not  detected  in  the  Round  2 
sample.  Endosulfan  sulfate  was  detected  in  MW-52  Round  1  and  2  samples  at  concentrations  of 
0.146  pg/L  and  0.138  pg/L,  respectively.  No  organic  compounds  were  detected  in  MW-53  and 
MW-54  groundwater  samples. 

2.10  AREE  1  -  PREVIOUS  AND  CURRENT  INVESTIGATIONS 

Since  1984  several  investigations  have  focused  on  AREE  1,  a  0.4-acre  former  dump  site  on  the 
southwest  portion  of  WRF,  bordered  by  Occoquan  Bay  to  the  south  and  Marumsco  Creek  to  the  west. 

2.10.1  Results  of  Previous  Investigations 

The  following  sections  present  the  results  of  previous  investigations,  the  rationale  used  to  choose 
sample  locations  during  the  Rl  investigation,  and  a  summary  of  the  analytical  results  of  this  investigation. 
Figure  2-24  presents  the  locations  of  samples  collected  during  prior  and  current  (Rl)  sampling  events. 

2.10.1.1  Environmental  Science  and  Engineering,  Inc.  Remedial  Investigation,  1984 

Environmental  Science  and  Engineering,  Inc.  (ESE)  collected  soil  and  sediment  samples  and  in¬ 
stalled  and  sampled  six  monitoring  wells,  one  upgradient  from  the  landfill  (MW-7)  and  five  downgradient 
(MW-8  - 12).  Samples  were  analyzed  for  PCBs  and  PAHs. 

Summary  of  Results.  Low  level  PCB  contamination  was  found  in  one  soil  sample  (LF1S3)  and 
PAHs  were  detected  in  a  surface  water  sample  (LF1W1).  Periodic  sampling  of  the  monitoring 
wells  from  1985  through  1990  detected  PCBs  with  the  highest  concentration  (2  pg/L)  at  MW-10. 
These  results  were  later  suspected  to  be  unreliable  and  the  monitoring  program  was  terminated. 

2.10.1.2  USAEC  Site  Inspection,  1993  - 1994 

The  USAEC  conducted  an  SI  that  included  a  geophysical  survey  to  locate  subsurface  anomalies, 
a  trenching  program  within  suspected  dumping  areas  to  verify  the  existence  of  any  subsurface  anoma¬ 
lies,  a  soil  sampling  program  from  within  the  trenches  where  debris  was  encountered,  and  a  groundwater 
sampling  program  from  existing  monitoring  wells  (USAEC,  1995c). 

Summary  of  Results.  Five  anomalies  were  identified  and  four  trenches  were  excavated 
(trenches  19-22)  to  investigate  the  anomalies.  PCB-1260  was  detected  in  one  soil  sample  from 
trench  21  and  a  duplicate  at  concentrations  of  74  pg/g  and  31  pg/g,  respectively  (USAEC, 
1995c).  The  sample  locations  are  presented  on  Figure  2-27. 

No  PCBs,  pesticides,  or  VOCs  were  detected  above  method  detection  limits  for  groundwater 
(USAEC,  1995c). 

2.10.1.3  Virginia  Department  of  Environment,  Bioaccumulation  Initiative,  1994 

The  VADEQ  collected  soil,  sediment,  and  storm  water  samples  at  locations  WRF03,  WRF03A 
through  WRF03H,  WRF04,  WRF04A  through  WRF04H,  and  WRF10.  This  sampling  was  conducted  as 
part  of  Virginia's  Coastal  Zone  Management  Program  (NOAA,  1994).  The  samples  were  analyzed  for 
PCBs,  PAHs,  and  pesticides. 

Summary  of  Results.  PCBs  were  detected  in  sediment,  stormwater,  and  surface  soil  at 
maximum  concentrations  of  0.034  mg/kg  (at  WRF03E),  15  pg/L  (at  WRF03),  and  1.1  mg/kg  (at 
WRF4F),  respectively.  Pesticides  and  PAHs  were  also  detected  in  all  media.  The  sample 
locations  are  presented  on  Figure  2-24. 
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Fish  tissue  sampling  was  also  conducted  during  this  study  at  WRF03.  Fish  collection  zones  are 
presented  on  Figure  2-25.  Fillet  and  viscera  were  analyzed  from  bass,  carp,  catfish,  herring, 
perch,  shad  (gizzard  and  fillet),  and  sunfish.  Chemicals  of  concern  detected  in  these  samples 
and  respective  maximum  concentrations  of  each  chemical  detected  are  as  follows:  RGBs  (1500 
ng/kg):  benzo(a)pyrene  (140  ng/kg);  chlordane  (24  pg/kg);  ODD  (27  pg/kg);  DDE  (97  pg/kg), 
DDT  (2  pg/kg):  dieldrin  (3  pg/kg);  and  endrin  (29  pg/kg). 

2.10.2  Current  Investigation  Results 

The  following  sections  describe  the  sampling  rationale  for  the  Rl  investigation,  the  number  of 
samples  collected,  the  analyses  performed  on  each  sample  for  each  medium,  and  a  summary  of  the  re¬ 
sults.  Figure  2-24  presents  the  location  of  each  sample  collected.  Results  of  the  sample  analyses  are 
presented  in  Table  2-2. 

2.10.2.1  Surface  Soil 

Seven  surface  soil  samples  (RISS1  through  RISS4  and  RISS54  through  RISS56)  were  collected 
and  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs  to  characterize  the 
extent  of  surface  soil  contamination.  The  samples  were  collected  from  areas  where  stressed  vegetation 
was  observed,  or  in  run-off  areas,  except  RISS1 ,  which  was  collected  from  an  area  where  a  suspected 
drum  protrudes  from  the  side  of  a  hill.  Figure  2-27  presents  PCB  concentrations  in  surface  soil,  sub¬ 
surface  soil,  test  pit  samples,  and  sediment  samples  from  previous  investigations  and  the  1995  Rl. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  at  concentrations 
greater  than  the  WRF  site  background  maximum  concentrations:  aluminum,  beryllium,  calcium, 
chromium,  cobalt,  copper,  iron,  lead,  mercury,  potassium,  sodium,  and  zinc.  Concentrations  of 
inorganic  compounds  detected  in  surface  soil  samples  at  AREE  1  are  presented  in  Table  2-2. 
Figure  2-26  presents  inorganic  compounds  detected  above  site  background  concentrations  in 
surface  soil  samples  collected  in  OU1 . 

PCB-1260  was  detected  in  five  surface  soil  samples  collected  in  AREE  1:  RISS1  at  a 
concentration  of  0.149  ng/g;  RISS1DUP  at  a  concentration  of  0.037  pg/g;  RISS4  at  a 
concentration  of  0.713  pg/g;  RISS55  at  a  concentration  of  0.279  pg/g;  and  RISS56  at  a 
concentration  of  0.054  pg/g.  Although  no  RBC  exists,  PCB-1260  is  considered  a  carcinogenic 
mixture  of  PCB  congeners  and  USEPA  Region  III  recommends  that  the  RBC  for  carcinogenic 
PCBs  (0.083  pg/g)  be  used  as  a  screening  value.  The  detected  concentrations  in  RISS1 ,  RISS4, 
and  RISS55  exceed  the  carcinogenic  RBC.  PCB  concentrations  detected  in  surface  soil, 
subsurface  soil,  test  pit  samples  and  sediment  samples  for  AREE  1  are  presented  in  Figure  2-27. 
Total  pesticides  and  PAHs  detected  in  surface  soils  for  OU1  are  presented  in  Figure  2-28. 

2.10.2.2  Subsurface  Soil 

Four  downgradient  soil  borings  (MW-77  through  MW-80)  were  drilled  in  which  subsurface  soil 
samples  were  collected  from  depths  of  0  to  2  feet  bgs  and  from  2  feet  bgs  to  the  water  table.  In  addition, 
groundwater  monitoring  wells  were  installed  at  each  soil  boring  location.  Boring  logs  and  monitoring  well 
completion  diagrams  are  presented  in  Appendix  B.  These  soil  boring  locations  are  closer  to  the  known 
area  of  PCB  contamination  than  the  existing  monitoring  wells  and  were  collected  to  further  characterize 
and  evaluate  subsurface  contamination  in  AREE  1.  The  subsurface  soil  samples  were  analyzed  for  TCL 
VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  and  PCTs. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  at  concentrations 
greater  than  their  WRF  site  background  maximum  concentrations  in  the  subsurface  soil  samples 
collected  from  0  to  2  feet  bgs:  barium,  beryllium,  calcium,  chromium,  cobalt,  lead,  magnesium, 
mercury,  nickel,  potassium,  selenium,  sodium,  vanadium,  and  zinc.  Concentrations  of  inorganic 
compounds  detected  in  subsurface  soil  samples  (0  to  2  feet  bgs)  at  AREE  1  are  presented  in 
Table  2-2.  Figure  2-29  presents  inorganic  compounds  detected  in  subsurface  soils  above 
background  in  OU1. 

Several  organic  compounds  (PAHs,  pesticides,  and  PCBs)  were  detected  in  the  shallow 
subsurface  soil  samples  collected  from  0  to  2  feet  bgs  In  AREE  1 .  Concentrations  of  organic 
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compounds  detected  in  subsurface  soil  samples  (0  to  2  feet  bgs)  at  AREE  1  are  presented  in 
Table  2-2.  Figure  2-28  presents  total  PAHs  and  pesticides  detected  in  surface  soil  samples 
(which  includes  subsurface  soil  samples  from  0-2  feet  bgs)  in  OU1.  PAHs  and  pesticides  were 
detected  in  concentrations  less  than  their  respective  RBCs.  Endosulfan  sulfate,  which  was 
detected  in  MW-77DUP,  does  not  have  an  RBC.  However,  for  risk  assessment  purposes  USEPA 
Region  III  recommends  that  the  RBC  for  endosulfan  (47  ng/g)  be  used  as  a  screening  value. 
The  detected  concentration  of  endosulfan  sulfate  (0.03  |i.g/g)  is  significantly  less  than  the  RBC. 
PCB-1260  was  detected  in  two  subsurface  soil  samples  collected  0  to  2  feet  bgs  in  AREE  1: 
MW-78  at  a  concentration  of  0.1 1  ng/g,  and  MW-80  at  a  concentration  of  10.8  ng/g.  Although  no 
RBC  exists,  PCB-1260  is  considered  a  carcinogenic  mixture  of  PCB  congeners  and  USEPA 
Region  III  recommends  the  RBC  for  carcinogenic  PCBs  (0.083  ^ig/g)  be  used  as  a  screening 
value.  The  detected  concentrations  in  both  MW-78  and  MW-80  exceed  the  carcinogenic  RBC. 

Inorganic  compounds  beryllium,  calcium,  cobalt,  and  vanadium  were  detected  at  concentrations 
greater  than  their  respective  site  background  concentrations.  Beryllium  (site  background  of  ND) 
was  detected  in  MW-76  in  the  sample  collected  from  5-7  feet  bgs  (0.390  ng/g)  and  in  the  7-9  feet 
bgs  sample  (0.499  ^lg/g).  Beryllium  was  also  detected  in  MW-77  at  7-9  feet  bgs  at  a 
concentration  of  0.27  ^g/g  and  in  MW-78  in  the  7-9  feet  bgs  sample  at  a  concentration  of  0.34 
^g/g;  in  MW-79  at  0.39  )ag/g  (5-7  feet  bgs)  and  MW-80  at  a  concentration  of  0.47  pg/g  (5  feet 
bgs).  Calcium  was  detected  at  a  concentration  of  702  (site  background  concentration  of  (454 
pg/g)  in  the  5-7  foot  sample  collected  in  MW-80.  Calcium  was  also  detected  at  concentrations  of 
726  pg/g  and  653  pg/g  in  the  MW-76  boring  at  depths  of  5-7  feet  and  7-9  feet  bgs.  Cobalt  (site 
background  of  13.9  pg/g)  was  detected  at  a  concentration  of  14.4  pg/g  in  the  5-7  foot  sample 
collected  from  the  MW-80  soil  boring.  Vanadium  (site  background  concentration  of  25.8  pg/g) 
was  detected  in  the  5-7  feet  bgs  sample  at  a  concentration  of  37.2  pg/g  and  27.7  pg/g  in  the  7-9 
feet  bgs  sample  from  MW-76.  No  other  inorganic  compounds  were  detected  above  their 
respective  RBCs.  Inorganic  compounds  detected  in  AREE  1  are  presented  in  Table  2-2. 
Inorganics  detected  in  subsurface  soils  above  background  in  OU1  are  presented  in  Figure  2-29. 

Several  organic  compounds  including  endosulfan  sulfate,  methoxychlor,  and  PCB-1260,  were 
detected  in  soil  samples  collected  2  feet  bgs  to  the  water  table.  With  the  exception  of  PCB- 
1260,  all  organic  compounds  were  detected  at  concentrations  less  than  their  respective  RBCs. 
PCB-1260  was  detected  in  soil  boring  MW-80,  collected  5  feet  bgs,  at  a  concentration  of  1.62 
pg/g,  which  exceeds  the  RBC  for  carcinogenic  PCB  congeners  (0.083  pg/g).  Concentrations  of 
organic  compounds  detected  in  subsurface  soil  samples  (2  feet  bgs  to  the  water  table)  in  AREE 
1  are  presented  in  Table  2-2.  Total  pesticides  and  PAH  concentrations  detected  in  subsurface 
soils  in  OU1  are  presented  in  Figure  2-30. 

2.10.2.3  Test  Pits 

Two  test  pits,  TP-1  and  TP-2,  were  excavated  upgradient  and  downgradient,  respectively,  of 
the  two  trenches  previously  excavated  and  sampled  (refer  to  sample  locations  01EX0101  and  01EX02, 
Figure  2-24)  during  the  1993  USAEC  SI  to  determine  the  extent  of  PCB  contamination  identified  during 
the  SI.  Two  additional  test  pits  (TP-24  and  TP-25)  were  excavated  to  investigate  the  extent  of  additional 
debris  that  was  protruding  from  the  side  of  a  hill  on  the  southern  portion  of  OU1 . 

•  TP-1,  upgradient  of  previously  excavated  area  01EX02,  was  excavated  in  two  segments. 
Segment  1  was  24  feet  long  and  excavated  to  a  depth  of  6.25  feet  bgs.  Debris  was  en¬ 
countered  at  the  ground  surface.  No  debris  was  encountered  during  the  excavation.  One 
sample,  TP-1A,  and  one  duplicate,  TP-1A  DUP,  were  collected  at  the  surface  where  debris 
was  located.  Segment  2  was  trenched  perpendicular  to  the  road  where  surface  debris  was 
visible.  TP-1 ,  segment  2  was  25  feet  long  and  excavated  to  a  depth  of  6.3  feet  bgs.  One 
sample,  TP-1  B,  was  collected  beneath  the  surface  debris.  No  debris  was  encountered  dur¬ 
ing  the  excavation.  Soil  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs, 
TAL  metals,  and  PCTs. 

•  TP-2  was  trenched  downgradient  of  previously  excavated  area  01EX02  in  two  segments  that 
cut  perpendicular  to  each  other.  Segment  1  was  25  feet  long  and  excavated  to  a  depth  of  7 
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feet  bgs.  One  sample,  TP-2A,  was  collected  where  debris  was  located  at  2  feet  bgs.  Seg¬ 
ment  2  was  18  feet  long  and  excavated  to  a  depth  of  7  feet  bgs.  One  sample,  TP-2B,  was 
collected  where  debris  was  located  at  2  feet  bgs.  The  debris  unearthed  consisted  of  sheet 
metal,  plastic,  cable  and  pipe.  Samples  TP-2A  and  TP-2B  were  analyzed  for  TCL  VOCs, 
SVOCs,  pesticides/PCBs,  TAL  metals,  and  PCTs. 

•  TP-24  was  trenched  in  one  segment  perpendicular  to  TP-1  and  in  two  segments  approxi¬ 
mately  80  feet  north  of  TP1 .  Visible  debris  on  the  surface  was  removed  to  allow  continued 
excavation  of  soils  beneath  it.  TP-24  was  25  feet  long  and  excavated  to  a  depth  of  5  feet 
bgs.  No  additional  debris  was  recovered  and  no  sample  was  collected. 

•  TP-25  was  trenched  in  three  segments  approximately  90  feet  south  of  TP-2  in  order  to  de¬ 
termine  the  lateral  extent  of  debris.  All  segments  were  15  feet  long  and  excavated  to  a 
depth  of  6  feet  bgs.  A  metal  pipe  and  piece  of  metal  cable  were  unearthed  during  the  exca¬ 
vation.  No  samples  were  collected  from  the  excavations. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  at  concentrations 
greater  than  each  of  the  WRF  site  background  maximum  concentrations:  calcium,  barium,  and 
iron  (0  to  2  feet  bgs),  and  lead,  potassium,  and  vanadium  (below  2  feet  bgs).  Concentrations  of 
inorganic  compounds  detected  in  test  pit  samples  at  AREE  1  are  presented  in  Table  2-2. 
Inorganics  detected  in  test  pit  samples  collected  from  0-2  feet  bgs  in  OU1  are  presented  in 
Figure  2-26  and  inorganics  detected  in  test  pit  samples  collected  below  2  feet  bgs  are  presented 
in  Figure  2-29.  Although  several  organic  compounds  were  detected  in  test  pit  samples,  none 
exceeded  their  respective  RBCs. 

Concentrations  of  organic  compounds  detected  in  test  pit  samples  at  AREE  1  are  presented  in 
Table  2-2.  Total  pesticides  and  total  PAHs  detected  in  test  pit  samples  collected  at  ground 
surface  are  presented  in  Figure  2-28  and  total  pesticides  and  PAHs  detected  in  subsurface  soil 
samples  in  OU1  is  presented  in  Figure  2-30. 

2.10.2.4  Groundwater 

The  groundwater  flow  direction  in  the  vicinity  of  AREE  1  is  from  east  to  west,  flowing  toward 
Marumsco  Creek,  based  on  the  composite  water  elevation  map  (Figure  2-15).  Four  downgradient  moni¬ 
toring  wells  (MW-77  through  MW-80)  were  installed  in  areas  nearer  to  the  known  area  of  PCB  contami¬ 
nation  than  the  existing  wells  (MW-7  through  MW-12)  to  further  characterize  and  evaluate  groundwater 
contamination  in  AREE  1.  Groundwater  samples  collected  from  these  wells  were  analyzed  for  TCL 
VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  and  PCTs. 

In  addition  to  the  newly  installed  wells,  the  existing  wells  (MW-7  through  MW-12)  were  also  sam¬ 
pled.  Monitoring  well  construction  data  for  existing  and  new  AREE  1  monitoring  wells  is  presented  as 
Table  2  in  Appendix  A.  As  discussed  earlier,  PCBs  were  detected  periodically  during  sampling  activities 
from  1985  through  1990  (the  highest  concentration  detected  was  in  MW-10  at  2  pg/L).  However,  these 
data  were  suspected  of  being  unreliable  and  the  groundwater  monitoring  program  was  terminated.  During 
this  investigation,  groundwater  samples  collected  from  existing  wells  were  analyzed  for  TCL  VOCs, 
SVOCs,  pesticides/PCBs,  PAHs,  TAL  metals,  and  PCTs. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  at  concentrations 
greater  than  their  WRF  site  background  maximum  concentrations:  aluminum,  barium,  calcium, 
chromium,  cobalt,  copper,  iron,  lead,  magnesium,  manganese,  nickel,  selenium,  thallium, 
vanadium,  and  zinc.  Concentrations  of  inorganic  compounds  detected  in  groundwater  samples 
at  AREE  1  are  presented  in  Table  2-2.  Inorganics  detected  in  groundwater  above  background 
concentrations  in  OU1  monitoring  wells  are  presented  in  Figure  2-31. 

The  following  organic  compounds  were  detected  at  concentrations  below  their  respective  RBCs: 
2-methylnaphthalene,  acenaphthene,  acenaphthylene,  acetone,  anthracene,  alpha-BHC,  alpha- 
BHC,  G(Lindane),  chrysene,  endosulfan  sulfate,  and  fluoranthene.  Most  of  these  compounds 
were  detected  at  only  one  sample  location.  Concentrations  of  organic  compounds  detected  in 
groundwater  samples  at  AREE  1  are  presented  in  Table  2-2.  PCBs  were  not  detected  in  AREE  1 
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groundwater  samples.  Total  pesticides  and  total  PAH  concentrations  detected  in  OU1 
groundwater  samples  are  presented  in  Figure  2-32. 

2.10.2.5  Sediment 

Eight  sediment  samples,  RISD14  through  RISD21  were  collected  south  of  AREE  1  along  the 
shore  of  the  Occoquan  Bay  and  west  of  AREE  1  in  Marumsco  Creek.  Sediment  samples  were  collected 
in  areas  where,  based  on  the  drainage  patterns  at  AREE  1 ,  the  potential  impact  of  former  activities  at 
AREE  1  could  be  evaluated.  Sediment  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs, 
TAL  metals,  PAHs,  and  PCTs. 

Summary  of  Results.  The  only  inorganic  compound  detected  at  RISD17  above  the  WRF  site 
background  maximum  concentration  was  silver.  Silver  was  detected  at  a  concentration  of  3.45 
pg/g  in  RISD17,  while  the  WRF  site  background  maximum  concentration  is  nondetect.  Sodium, 
vanadium,  and  zinc  were  detected  above  WRF  site  background  maximum  concentrations  at 
RISD20.  Chromium,  cobalt,  iron,  sodium,  and  vanadium  were  detected  above  WRF  site 
background  maximum  concentrations  at  RISD21.  Concentrations  of  inorganic  compounds 
detected  in  sediment  at  AREE  1  are  presented  in  Table  2-2.  Inorganic  compounds  detected 
above  background  in  sediment  samples  are  presented  in  Figure  2-33. 

Organic  compounds  were  not  detected  above  their  respective  RBCs  in  sediment  samples 
associated  with  AREE  1,  with  the  exception  of  the  sample  collected  from  RISD20 
(benzo(a)pyrene  -  0.195  pg/g,  RBC  -  0.088pg/g  and  PCB-1260  -  0.084  pg/g,  RBC  -  0.083  pg/g). 
Concentrations  of  organic  compounds  detected  in  sediment  at  AREE  1  are  presented  in  Table  2- 
2.  Total  pesticides  and  PAHs  detected  in  OU1  sediment  samples  are  presented  in  Figure  2-34. 

2.10.2.6  Surface  Water 

Eight  surface  water  samples,  RISW14  through  RISW21,  were  collected  in  the  same  locations  as 
the  sediment  samples  for  AREE  1 .  Surface  water  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesti¬ 
cides/PCBs,  TAL  metals,  PAHs,  and  PCTs. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  in  surface  water 
samples  collected  in  AREE  1  at  concentrations  exceeding  the  WRF  site  background  maximum 
concentrations:  aluminum,  barium,  chromium,  copper,  iron,  lead,  manganese,  potassium, 
vanadium,  and  zinc.  Concentrations  of  inorganic  compounds  detected  in  surface  water  at  AREE 
1  are  presented  in  Table  2-2.  Inorganic  compounds  detected  above  background  concentrations 
in  surface  water  are  presented  in  Figure  2-35. 

Organic  compounds  were  not  detected  in  the  surface  water  samples  associated  with  AREE  1 . 

2. 10.2.7  Surface  Water  Runoff 

Four  surface  water  runoff  samples  (SWR01  through  SWR04)  were  collected  from  topographical 
low  areas  that  receive  surface  water  runoff  from  AREE  1 .  Surface  water  runoff  samples  were  analyzed 
for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs.  Sample  locations  are  shown  on 
Figure  2-27. 

Screening  criteria  is  not  available  for  surface  water  runoff  samples;  therefore,  the  following  sec¬ 
tion  lists  inorganic  and  organic  compounds  detected  in  surface  water  runoff  samples  collected  in  AREE 
1.  Inorganic  concentrations  detected  in  surface  water  runoff  samples  are  presented  in  Table  2-2.  Inor¬ 
ganics  detected  in  surface  water  runoff  samples  from  OU1  are  presented  in  Figure  2-36. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  in  surface  water  runoff 
sample  SWR01  at  the  following  concentrations:  aluminum  (6,480  pg/L);  arsenic  (2.2  pg/L); 
barium  (49.8  pg/L);  calcium  (58,300  pg/L);  chromium  (10.0  pg/L);  iron  (9,980  pg/L);  lead  (5.5 
pg/L);  magnesium  (10,600  pg/L);  manganese  (555  pg/L);  potassium  (2,660  pg/L);  sodium  (7,740 
pg/L);  vanadium  (16.4  pg/L);  and  zinc  (34.0  pg/L).  Inorganic  compound  concentrations  are 
presented  in  Table  2-2.  Benzoic  acid  was  the  only  organic  compound  detected  in  SWR01  at  a 
concentration  of  5.2  pg/L. 
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Inorganic  compound  concentrations  detected  in  SWR02  include  the  following:  arsenic  (4.4  ng/L); 
aluminum  (34,600  pg/L);  barium  (122  i^g/L);  cadmium  (0.2  |ig/L);  calcium  (27,700  pg/L); 
chromium  (43.8  ng/L);  copper  (28.0  ng/L);  iron  (45,200  ^g/L);  lead  (70.2  ng/L);  magnesium 
(8,400  ng/L);  manganese  (344  pg/L);  mercury  (0.23  pg/L);  nickel  (25.8  ng/L);  potassium  (6,880 
l^g/L);  sodium  (5,680  pg/L);  thallium  (0.3  fxg/L);  vanadium  (87.4  ng/L);  and  zinc  (164  |j.g/L). 
Concentrations  of  organic  compounds  detected  in  SWR02  include;  anthracene  (1.35  ^g/L); 
benzo(a)pyrene  (0.014  ^g/L);  fluoranthene  (0.053  pg/L);  PCB-1260  ^ig/L  (0.486  pg/L);  and 
pyrene  (0.129  ng/L). 

Inorganic  compounds  detected  in  SWR03  include  the  following:  aluminum  (43,300  |a.g/L); 
arsenic  (5.6  pg/L);  barium  (139  |xg/L);  cadmium  (0.3  ixg/L);  calcium  (21,800  ^g/L);  chromium 
(53.0  fig/L):  copper  (28.4  pg/L);  iron  (48,500  ng/L);  lead  (47.2  ng/L);  magnesium  (9,460  iig/L); 
manganese  (603  ng/L);  mercury  (0.23  ng/L)  nickel  (22.6  ng/L);  potassium  (8,500  pg/L);  sodium 
(5,930  pg/L);  thallium  (0.4  pg/L)  vanadium  (92.8  pg/L);  and  zinc  (177  pg/L).  Organic  compounds 
present  in  SWR03  above  detection  limits  include:  anthracene  (2.73  pg/L);  benzo(a) pyrene  (0.016 
pg/L):  fluoranthene  (0.050  pg/L);  PCB-1260  (4.40  pg/L);  and  pyrene  (0.237  pg/L). 

Concentrations  of  inorganic  compounds  present  in  SWR04  include  the  following:  aluminum 
(35,700  pg/L):  arsenic  (3.4  pg/L):  barium  (171  pg/L):  cadmium  (0.3  pg/L):  calcium  (15,300  pg/L): 
chromium  (60.9  pg/L):  copper  (33.3  pg/L):  iron  (57,800  pg/L):  lead  (42.5  pg/L):  magnesium 
(8,860  pg/L):  manganese  (498  pg/L):  nickel  (29.0  pg/L):  potassium  (7,950  pg/L):  sodium  (3,260 
pg/L):  thallium  (0.3  pg/L);  vanadium  (106  pg/L):  and  zinc  (197  pg/L). 

Three  organic  compounds  were  detected  in  SWR04  and  include  anthracene  (0.923  pg/L): 
PCB-1260  (0.224  pg/L):  and  pyrene  (0.151  pg/L).  PCBs  detected  in  surface  water  runoff 
samples  are  presented  in  Figure  2-27.  Total  pesticides  and  total  PAH  concentrations  detected  in 
surface  water  runoff  samples  from  OU1  are  presented  in  Figure  2-37. 

2.10.2.8  Fish  Tissue  Residue  Anaiysis 

Biota  samples  were  collected  in  locations  near  OU1  (Marumsco  Creek  and  in  the  pond).  Thirty- 
six  biota  samples  were  collected  as  fillet  and  whole  body  samples  by  species:  however,  only  those  col¬ 
lected  near  OU1  will  be  addressed  in  this  FFS.  Detailed  descriptions  of  biota  samples  collected  in  the 
Main  Ditch  and  in  other  areas  of  WRF  can  be  found  in  the  Draft  Final  Rl  report  for  WRF  (August,  1997) 
and  in  the  WRF  Biota  Sampling  Report  (USAEC,  1995).  These  data  were  not  used  in  the  OU1  risk  as¬ 
sessment,  as  these  data  were  considered  to  be  site-wide  and  not  specific  to  OUl.  These  data  were 
used  in  the  risk  assessment  for  the  OU2  and  OU4  FFS.  Refer  to  Figure  2-25  for  biota  sampling  con¬ 
ducted  just  south  of  OUl  in  Marumsco  Creek.  Samples  were  analyzed  for  lead,  mercury,  pesti- 
cides/PCBs,  and  PCTs. 

The  following  samples  were  detected  above  the  for  PCB-1260  RBC  (0.00041  pg/g)  in  fish  tissue 
samples  collected  from  Marumsco  Creek:  S.FISH-1W  (126  pg/g);  S.FISH-2W  (105  pg/g):  S.FISH-3W 
(97.6  pg/g):  S.FISH-4W  (110  pg/g):  S.FISH-5W  (115  pg/g):  WPERCH-1W  (267  pg/g):  WPERCH-2W 
(227  pg/g):  WPERCH-3W  (234  pg/g):  WPERCH-4W  (277  pg/g);  and  WPERCH-5W  (221  pg/g).  DDE 
was  detected  above  its  RBC  of  0.0093  pg/g  in  the  following  samples:  S. FISH-1  W  (15.9  pg/g):  S.FISH- 
2W  (14.5  pg/g):  S.FISH-3W  (14  pg/g):  S.FISH-4W  (30.2  pg/g):  W-PERCH-1W  (34.9  pg/g):  and  W- 
PERCH-2W  (30.9  pg/g);  DDD  (RBC  of  13  pg/g)  was  detected  at  a  concentration  of  30.9  in  WPERCH- 
2W.  Alpha  chlordane  (RBC  of  0.0024  pg/kg)  was  detected  at  a  concentration  of  14.7  pg/kg  in 
WPERCH-1W;  13.2  pg/kg  in  WPERCH-2W:  12.3  pg/kg  in  WPERCH-3W:  16.3  pg/kg  in  WPERCH-4W: 
and  12.0  pg/kg  in  WPERCH-5W. 

2.10.3  Discussion 

Inorganic  compounds  were  detected  at  concentrations  exceeding  the  WRF  site  background 
maximum  concentrations  in  surface  soils,  subsurface  soils,  groundwater,  sediment,  surface  water,  and 
surface  water  runoff.  Zinc  concentrations  in  four  of  the  eight  surface  soil  samples  (RISS1,  RISS4, 
RISS55  and  RISS56)  were  considerably  elevated  (231  pg/g,  135  pg/g,  195  pg/g,  and  301  pg/g,  respec- 
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lively),  while  the  site  background  for  zinc  is  43.9  ng/g.  It  is  likely  that  the  former  landfill  contributed  to 
the  elevated  zinc  levels  in  the  soil.  Surface  water  runoff  sample  concentrations  were  consistently  ele¬ 
vated  when  compared  to  respective  site  background  levels  for  inorganics.  Aluminum,  iron,  and  lead  were 
particularly  elevated  and  tended  to  increase  in  concentration  with  proximity  to  the  Occoquan  Bay;  a  trend 
which  may  be  attributed  to  the  accumulation  of  metals  sorbed  to  soil  transported  by  runoff.  Aluminum, 
barium,  copper,  iron,  lead,  manganese,  vanadium,  and  zinc  were  detected  in  one  surface  water  sample 
(RISW19)  in  excess  of  site  background  levels.  This  sample  was  taken  in  Marumsco  Creek  near  its  dis¬ 
charge  point  into  the  Occoquan  Bay.  Its  high  metals  content  may  be  attributable  to  runoff  from  AREE  1 
or  sediment  transported  from  other  areas  by  the  creek.  In  addition,  the  samples  were  collected  during 
and  just  after  storm  events  which  may  also  attribute  to  the  elevated  metal  concentrations. 

PAHs,  pesticides,  and  semi-volatiles  were  also  detected  in  groundwater,  sediment,  and  surface 
water  runoff  samples.  Two  locations  had  detectable  levels  of  several  compounds:  groundwater  from 
MW-77  contained  detectable  amounts  of  2-methylnaphthalene,  acenaphthene,  chrysene,  and  fluoran¬ 
thene,  and  sediment  sample  RISD18  contained  detectable  2-methylnaphthalene,  acenaphthene, 
benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  benzo(k)fluoranthene,  benzo(g,h,i)pery- 
elene,  and  chrysene.  In  addition,  surface  water  runoff  samples  from  SWR02,  SWR03,  and  SWR04 
exhibited  moderately  elevated  levels  of  anthracene  and  lesser  amounts  of  benzo(a)pyrene  and 
fluoranthene.  Groundwater  from  MW-79  had  a  detectable  level  of  anthracene.  MW-7,  the  existing  up- 
gradient  well,  had  an  elevated  acenaphthene  concentration  and  a  detectable  amount  of  fluoranthene. 

As  stated  earlier,  groundwater  flow  in  AREE  1  is  generally  east  to  west.  This  suggests  that  sur¬ 
face  water  runoff  and  groundwater  discharge  from  contaminated  areas  of  AREE  1  may  have  contributed 
to  the  PAH  levels  in  sediment  samples  collected  along  the  shore  of  Occoquan  Bay.  In  addition,  since 
WRF  is  located  in  an  urbanized  area  and  some  of  the  PAHs  detected  may  be  a  result  of  its  location 
within  this  region.  Similarly,  pesticides  at  RISD19,  collected  at  the  same  location  as  RISW19  (the  site  of 
elevated  metals  concentrations)  may  have  been  transported  from  sites  within  AREE  1  or,  considering  its 
location  in  Marumsco  Creek,  from  upgradient  locations.  ODD  and  DDE  were  detected  in  surface  soil 
sample  RISS4  (below  their  RBCs),  which  is  upgradient  and  east  of  the  sample  location  for  RISD19. 

PCB-1260  was  detected  in  surface  and  subsurface  soil,  sediment,  and  surface  water  runoff  sam¬ 
ples,  as  presented  in  Figure  2-27.  The  detected  concentration  of  PCB-1260  in  surface  soil  samples 
RISS1  (0.149  pg/g)  and  RISS4  (0.713  pg/g)  exceeds  the  RBC  for  soil  for  carcinogenic  PCB  congeners 
(0.083  pg/g).  Detected  concentrations  of  PCB-1260  in  soil  boring  MW-80  were  10.8  pg/g  at  0  to  2  feet 
bgs  and  1.62  pg/g  at  5  to  10  feet  bgs,  both  of  which  exceed  the  RBC  for  soil.  The  higher  concentrations 
in  the  subsurface  soil  samples  are  most  likely  due  to  the  disposal  of  PCBs  in  this  area.  A  stiff  clay  layer 
is  present  in  this  area  directly  below  the  topsoil  to  a  depth  of  approximately  4  feet  bgs.  PCBs  would  tend 
to  bind  to  these  clays.  In  addition,  MW-78  had  a  concentration  slightly  above  the  RBC  and  MW-76  had 
detectable  levels  of  PCB-1260  though  less  than  the  RBC.  The  detected  concentration  of  PCB-1260  in 
RISD20,  collected  along  Marumsco  Creek,  was  0.084  pg/g  which  exceeds  the  RBC  (0.083  pg/g).  Three 
of  the  four  surface  water  runoff  samples  had  PCB-1260  concentrations  above  detection  limits  with  one, 
SWR03,  at  a  significantly  elevated  concentration  (4.40  pg/L).  The  locations  of  the  contaminated  sites, 
as  well  as  the  media  contaminated,  indicate  that,  like  the  PAH  contamination,  surface  water  runoff  from 
PCB-1260  contaminated  sites  within  AREE  1  has  transported  the  contaminant  downgradient  to  the  vicin¬ 
ity  of  Occoquan  Bay,  with  possible  off-site  contributions  transported  by  Marumsco  Creek.  However, 
sediment  samples  collected  along  the  shore  of  the  Bay  (near  AREE  1)  during  the  1995  Rl  did  not  indi¬ 
cate  PCB  contamination.  The  results  of  the  Virginia  Department  of  Environment  Bioaccumulation  Initia¬ 
tive  detected  PCB  contamination  in  sediment  and  soils  at  comparable  locations  to  those  discussed  here. 
The  VADEQ  study  collected  a  storm  water  runoff  sample,  WRF03,  in  which  PCBs  were  detected.  This 
indicates  that  PCBs  may  be  discharging  to  the  Occoquan  Bay  from  AREE  1 . 

2.10.4  Conclusions 

Prior  disposal  practices  at  AREE  1  as  a  landfill  have  contributed  to  elevated  zinc  levels  in  the 
surface  soil,  PAHs  in  the  groundwater,  and  PCBs  in  the  surface  and  subsurface  soil.  Surface  water  run¬ 
off  from  AREE  1  may  have  transported  contaminants  to  the  Occoquan  Bay,  although  some  contamina¬ 
tion  may  be  due  to  upgradient  sources  (which  have  most  likely  been  transported  via  Marumsco  Creek). 
PCBs  were  not  detected  directly  along  the  shoreline  from  samples  collected  for  the  Rl;  however,  they 
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have  been  detected  in  the  Occoquan  Bay  as  well  as  Marumsco  Creek.  In  addition,  PCBs  have  been 
detected  in  surface  and  subsurface  soils  at  AREE 1,  and  surface  water  runoff  samples. 

2.11  PREVIOUS  AND  CURRENT  INVESTIGATIONS  -  AREES  2  AND  5 

AREEs  2  and  5  are  sites  of  former  landfills  where  transformers  (AREE  2),  capacitors  (AREE  2), 
and  metal  debris  were  buried.  These  disposal  areas  are  located  adjacent  to  each  other,  just  north  of 
where  Lake  Drive  deadends  as  shown  in  Figure  2-38  (Prior  and  1995  Rl  Sampling  Locations  for  AREEs 
2,  4,  and  5).  Due  to  the  proximity  of  these  AREEs,  they  have  been  evaluated  as  a  single  source  area. 
Therefore,  current  sampling  locations,  both  upgradient  and  downgradient,  encompass  both  AREEs.  Re¬ 
sults  from  previous  site  investigations  related  to  AREEs  2  and  5  are  presented  below.  Sample  locations 
from  past  (and  current  Rl)  investigations  are  presented  in  Figure  2-38.  A  summary  table  of  detected 
concentrations  is  presented  as  Table  2-3. 

2.11.1  Environmental  Science  and  Engineering,  Inc.,  Remedial  Investigation,  1984 

Surface  soil  and  surface  water  samples  were  collected  in  1984  as  part  of  an  Rl  (ESE,  1985). 
PCB-1016  was  detected  in  surface  soil  samples  at  2  |xg/g  (Landfill  2,  No.  3,  330802)  and  200  pg/g 
(Landfill  2,  No.  6,  330805)  and  PCB-1260  was  detected  at  3  pg/g  in  Landfill  2,  No.  6,  330805.  Sample 
locations  are  presented  in  Figure  2-38  and  are  labeled  as  sample  locations  3  and  6.  Six  monitoring  wells 
were  installed  by  ESE  around  AREE  2  in  1984,  and  a  removal  action  was  completed  by  Weston  in  1985 
to  remove  transformers,  capacitors,  and  contaminated  soil.  A  five-year  groundwater  sampling  program 
was  implemented  from  1985  to  1990  to  monitor  PCB  contamination.  The  PCB  concentrations  increased 
annually,  with  concentrations  of  up  to  7  pg/L  detected  in  samples  collected  from  MW-2  and  MW-3 
(Weston,  1992).  However,  five  of  the  six  monitoring  wells  were  sampled  again  by  Earth  Tech  in  1993  as 
part  of  the  USAEC  SI  and  no  PCBs  or  VOCs  were  detected  in  the  groundwater.  Di-n-octylphthalate  and 
bis(2-ethylhexyl)phthalate  were  detected  at  concentrations  of  28  ^g/L  and  25  ^g/L,  respectively,  in  the 
groundwater  sample  collected  from  MW-2  (ESE,  1985).  Di-n-octylphthalate  and  bis(2- 
ethylhexyl)phthalate  were  detected  at  concentrations  of  24  pg/L  and  20  |xg/L,  respectively,  in  a  surface 
water  sample  (Landfill  2,  No.  7,  384102)  collected  from  AREE  2  (ESE,  1985). 

2.11.2  USAEC  Site  Inspection,  1993  •  1994 

The  USAEC  conducted  a  site  inspection  that  included  a  geophysical  survey  to  locate  subsurface 
anomalies;  a  trenching  program  within  suspected  dumping  areas  to  verify  the  existence  of  any  subsur¬ 
face  debris;  a  soil  sampling  program  from  within  the  trenches  where  debris  was  encountered;  and,  a 
groundwater  sampling  program  from  existing  monitoring  wells.  Additionally,  direct  push  groundwater 
samples,  surface  water,  and  sediment  samples  were  collected  at  four  locations  (USAEC,  1995c). 

Summary  of  Results.  Two  anomalies  were  identified  and  three  trenches  (trenches  13-15)  were 
excavated  to  investigate  the  anomalies.  Debris  was  found  in  all  three  trenches  and  one  soil 
sample  was  collected  from  each  trench  and  analyzed  for  PCBs,  TPH,  and  pesticides.  PCBs, 
TPH,  and  pesticides  were  detected  in  soil  samples  collected  from  AREE  5  at  maximum 
concentrations  of  0.33  ^g/g  (05EX0101),  35.1  mg/kg  (05EX0101),  and  0.043  ^g/g  (05EX0201), 
respectively,  and  were  collected  during  the  same  SI  associated  with  AREE  2  (USAEC,  1995c). 

PCBs  were  detected  in  one  sediment  sample  collected  during  the  1993  SI  near  AREE  2  at  a 
concentration  of  0.07  jxg/g  (02SE04,  located  on  a  narrow  peninsula  bordering  Marumsco  Creek). 
It  should  be  noted  that  this  sediment  sample  (02SE04)  is  located  on  the  far  side  of  a  narrow 
peninsula,  and  may  be  impacted  far  more  strongly  by  the  Marumsco  Creek  than  from  surface 
water  runoff  from  AREE  5  (USAEC,  1995c). 

PCB-1254  was  detected  in  a  groundwater  sample  collected  from  direct  push  sample  05DP01  at  a 
concentration  of  0.14  ng/L  (USAEC,  1995c). 

2.11.3  USAEC  Remedial  Investigation,  1995 

The  following  sections  present  sample  location  methodologies  and  analytical  data  resulting  from 
the  1995  Rl  and  conclusions  derived  from  these  data. 
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2.11.3.1  Surface  Soil 

Five  surface  soil  samples  (RISS  5-9)  were  collected  within  and  around  AREE  5  to  characterize 
the  extent  of  surficial  contamination.  Soil  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesti- 
cides/PCBs,  TAL  metals,  PAHs,  PCTs,  and  TPH. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  at  concentrations  which 
exceed  the  WRF  site  background  maximum  concentrations  for  these  compounds:  aluminum, 
barium,  beryllium,  copper,  lead,  manganese,  potassium,  and  sodium.  Concentrations  of 
inorganic  compounds  detected  in  surface  soil  samples  at  AREEs  2  and  5  are  presented  in  Table 
2-3.  Inorganic  compounds  detected  in  surface  soils  above  background  concentrations  in  OU1 
are  presented  in  Figure  2-26. 

Organic  compounds  were  detected  in  surface  soil  samples  collected  from  AREEs  2  and  5  and 
are  summarized  in  Table  2-3. 

2.11.3.2  SubsurUice  Soil 

Seven  shallow  soil  borings  (one  upgradient  and  seven  downgradient),  located  to  encompass 
AREEs  2  and  5,  were  drilled  to  identify  potential  source  areas  and  the  extent  of  contamination  in  the  soil. 
These  soil  borings  were  later  converted  to  monitoring  wells  MW-68,  MW-70  through  MW-74,  and  MW- 
81.  A  soil  boring  (RISB6)  was  installed  near  the  SI  sample  location  (02SW04)  where  PCBs  were  de¬ 
tected.  In  addition,  two  deeper  monitoring  wells  (MW-82  and  MW-83)  were  drilled  and  installed  to  moni¬ 
tor  deeper  groundwater  in  this  area;  however,  soil  samples  were  not  collected  from  the  borings  since  the 
wells  were  installed  using  mud  rotary  techniques.  Boring  logs  and  monitoring  well  completion  diagrams 
are  presented  in  Appendix  A.  Subsurface  soil  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesti- 
cides/PCBs,  TAL  metals,  PCTs  (if  PCBs  were  detected),  and  TPH. 

Summary  of  Results.  Aluminum  was  present  above  site  background  concentrations  in 
subsurface  soil  (0  to  2  feet  bgs)  in  the  sample  collected  from  MW-70  at  a  concentration  of 
21,100  |ig/g.  Barium  was  detected  in  shallow  subsurface  soil  samples  (0-2  feet  bgs)  above  the 
WRF  site  background  maximum  concentration  of  73.4  pg/g  in  the  sample  collected  from  MW-81 
at  a  concentration  of  77.4  pg/g.  Beryllium  was  detected  in  one  sample,  MW-71DUP  (1.26  pg/g), 
collected  from  the  0-2  feet  interval,  which  exceeded  the  WRF  site  background  maximum 
concentration  of  1.02  pg/g.  Calcium  was  detected  in  two  shallow  subsurface  soil  samples,  MW- 
71  and  MW-71DUP,  at  concentrations  of  522  pg/g,  and  575  pg/g,  respectively,  and  one  shallow 
surface  soil  sample  from  MW-81  (above  the  site  background  concentration  of  454  pg/g)  at  a 
concentration  of  4,170  pg/g.  Chromium  was  detected  above  the  site  background  concentration 
of  25.0  pg/g  in  0-2  feet  samples  collected  from  MW-70  (29.5  pg/g)  and  MW-71  (30.6  pg/g). 
Cobalt  was  detected  above  the  site  background  maximum  concentration  of  13.9  pg/g  in  two 
shallow  subsurface  samples  (MW-68  -  20.0  pg/g  and  MW-71  DUP  -  37.5  pg/g).  Lead  was 
detected  in  four  shallow  subsurface  soil  samples  at  concentrations  above  the  site  background 
maximum  concentration  of  11.8  pg/g  in  MW-68  (14.6  pg/g),  MW-74  (23.6  pg/g),  MW-81  (22.4 
pg/g),  and  RISB6  (24.3  pg/g).  Manganese  was  detected  in  three  shallow  subsurface  soil 
samples  at  concentrations  of  858  pg/g  (MW-68),  684  pg/g  (MW-71  DUP),  and  1,100  pg/g  (MW- 
81),  respectively,  which  are  all  above  the  WRF  site  background  maximum  concentration  of  617 
pg/g.  Potassium  was  detected  in  one  sample,  MW-70  (665  pg/g),  above  the  site  background 
concentration  of  624  pg/g.  Vanadium  was  detected  in  all  shallow  subsurface  soil  samples  above 
the  vanadium  site  background  concentration  of  25.8  pg/g,  with  the  exception  of  MW-74. 
Concentrations  of  inorganics  detected  in  shallow  soil  samples  (0-2  feet  bgs)  and  in  subsurface 
soil  samples  (2  feet  bgs  to  the  water  table)  are  presented  in  Table  2-3.  Inorganics  detected 
above  site  background  in  shallow  subsurface  soil  samples  (0-2  feet  bgs)  collected  in  OU1  are 
presented  in  Figure  2-26. 

The  subsurface  soil  sample  collected  from  5-7  feet  bgs  in  the  soil  boring  for  MW-71  had  a 
concentration  of  0.40  pg/g  for  antimony,  which  is  above  the  site  background  concentration  of 
non-detect.  Calcium  was  detected  above  the  site  background  concentration  of  454  pg/g  in  three 
samples,  MW-71  (10-12  ft)  at  1,260  pg/g,  MW-81  (5-7  ft)  at  7,520  pg/g,  and  MW-81  (10-12  ft)  at 
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2,700  |ig/g.  Silver  was  detected  at  a  concentration  of  2.08  ^g/g  in  the  5-7  foot  sample  collected 
from  MW-70.  The  maximum  site  background  concentration  for  silver  is  non-detect.  Inorganics 
detected  in  subsurface  soils  (>2  feet  bgs)  above  background  are  presented  in  Figure  2-27.  Total 
PAH  and  pesticide  concentrations  detected  in  subsurface  soil  samples  are  presented  in  Figures 
2-27  (0-2  feet  bgs)  and  2-30  (>2  feet  bgs). 

PCB-1254  were  detected  in  the  shallow  subsurface  (0-2  feet  bgs)  in  the  sample  collected  from 
MW-81  at  concentrations  of  0.22  ^g/g  and  1.0  pg/g,  respectively.  PCB-1248  was  detected  at  a 
concentration  of  0.36  pg/g  in  the  10-12  feet  bgs  sample  collected  from  MW-81,  which  exceeds 
the  RBC  value  of  0.083  pg/g. 

PCB-1254  was  detected  in  the  same  sample  interval  at  a  concentration  of  0.16  pg/g,  which  is  the 
also  the  RBC  value  for  this  compound.  Organic  compounds  detected  in  subsurface  soil  samples 
are  presented  in  Table  2-3. 

TPH,  as  diesel,  was  detected  at  a  concentration  of  27.9  pg/g  in  the  0-2  feet  bgs  soil  sample 
collected  from  MW-74  and  TPH,  as  gas,  was  detected  at  a  concentration  of  9.88  pg/g,  also  in 
this  sample.  These  values  are  below  the  Virginia  Underground  Storage  Tank  (UST)  Program 
action  level  for  soil  of  100  pg/g.  2.0.4.3  Test  Pits 

2.11.3.3  Test  Pits 

One  test  pit  (TP-3)  was  excavated  in  AREE  2  to  evaluate  the  presence  of  PCB  contamination 
remaining  after  the  1984  remedial  action  was  performed  by  Weston.  One  test  pit  (TP-4)  was  excavated 
in  AREE  5  to  characterize  the  site  of  a  former  disposal  pit  where  metal  debris  is  partially  buried.  Two  soil 
samples  were  collected  from  each  test  pit  and  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL 
metals,  PCTs  (if  PCBs  were  detected),  and  TPH.  Test  pit  locations  are  presented  on  Figure  2-38. 

•  TP-3  was  trenched  in  three  segments.  Segment  1  was  cut  perpendicular  across  the  previous 
removal  area.  The  segment  was  7  feet  long  and  excavated  to  a  depth  of  6  feet  bgs.  One 
sample  TP-3B  was  collected  at  7  feet  bgs.  Segment  2  also  was  cut  perpendicular  to  the  re¬ 
moval  action  area.  This  segment  was  15  feet  long  and  excavated  to  a  depth  of  9.4  feet  bgs. 
One  sample,  TP-3A,  was  collected  at  9.4  feet  bgs.  Segment  3  was  cut  in  the  north¬ 
west/southeast  direction  between  segments  1  and  2.  Segment  3  was  18  feet  long  and  exca¬ 
vated  to  a  depth  of  9  feet  bgs.  No  sample  was  collected  from  Segment  3.  Debris  consisting 
of  rip-rap  and  concrete  blocks  was  encountered  between  0-16  inches  below  grade  in  the 
excavations. 

•  TP-4  was  excavated  in  the  woods  where  debris  was  exposed.  TP-4  was  52  feet  long  and 
excavated  to  varying  depths  due  to  the  density  of  the  debris.  The  depths  varied  from  3  to  7 
feet  bgs.  Two  samples  were  collected:  TP-4A  at  6  feet  bgs  and  TP-4B  at  4  feet  bgs.  The 
debris  consisted  of  pulleys,  cable,  pipe,  and  sheet  metal. 

Summary  of  Results.  Several  metals  were  detected  at  concentrations  exceeding  their  respective 
WRF  site  background  maximum  concentrations.  Inorganics  detected  include  barium  (detected 
in  TP-4A  at  a  concentration  of  375  pg/g;  WRF  site  background  concentration  of  73.8  pg/g);  and 
beryllium  (WRF  site  background  concentration  of  1 .02  pg/g),  detected  in  test  pit  samples  TP-4A 
and  TP-4B  at  concentrations  of  2.44  pg/g  and  1.08  pg/g,  respectively.  Calcium  was  detected  in 
test  pit  sample  TP-4A  (8,820  pg/g)  and  TP-4B  (535  pg/g).  The  WRF  site  background 
concentration  for  calcium  is  454  pg/g.  Chromium  was  detected  in  TP-3B  at  a  concentration  of 
26.1  pg/g  (site  background  of  25.0  pg/g).  Cobalt  was  detected  above  the  WRF  site  background 
concentration  of  13.9  pg/g  in  test  pit  sample  TP-4A  at  a  concentration  of  23.2  pg/g.  Copper  was 
detected  at  a  concentration  of  47.0  pg/g  in  test  pit  sample  TP-4A,  exceeding  the  WRF  site 
background  maximum  concentration  of  16.9  pg/g.  Iron  was  detected  at  a  concentration  of 
40,400  pg/g  also  in  sample  TP-4A,  which  exceeds  the  site  background  level  of  27,800  pg/g. 
Lead  exceeded  the  site  background  level  of  11.8  pg/g  in  three  samples,  TP-3B,  TP-4A  and  TP- 
4B,  at  concentrations  of  12.5  pg/g,  113  pg/g  and  18.9  pg/g,  respectively.  Manganese  was 
detected  at  a  concentration  of  3,270  pg/g  in  TP-4A,  which  exceeds  the  WRF  site  background 
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maximum  concentration  of  617  ^g/g.  Potassium  also  exceeded  the  WRF  site  background 
maximum  concentration  of  624  ^g/g  in  TP-3B,  TP-4A,  and  TP-4B  at  concentrations  of  846  ng/g, 
1,230  ng/g,  and  892  ^g/g,  respectively.  Sodium  was  detected  at  a  concentration  of  1,190  ^g/g  in 
test  pit  sample  TP-4A,  exceeding  the  WRF  site  background  maximum  concentration  of  933  ^g/g. 
Vanadium  concentrations  exceeded  the  site  background  level  of  25.8  pg/g  in  all  test  pit  samples 
with  concentrations  ranging  from  27.7  ng/g  (TB-3A)  to  49.4  pg/g  (TP-4B).  Zinc  was  detected  at 
concentrations  exceeding  WRF  site  background  maximum  concentration  of  46.3  ^g/g  in  test  pit 
samples  TP-4A  (416  i^g/g)  and  TP-4B  (66.2  ^g/g).  Inorganic  compounds  detected  in  test  pit 
samples  are  presented  in  Table  2-3.  Inorganic  compounds  detected  in  shallow  (0-2  feet  bgs) 
and  deeper  (>2  feet  bgs)  test  pit  samples  are  presented  in  Figures  2-26  and  2-29,  respectively. 

One  organic  compound,  methylene  chloride,  was  detected  in  three  test  pit  samples,  TP-3B 
(0.010  ng/g),  TP-4A  (0.03  pg/g),  and  TP-4B  (0.01  pg/g),  which  are  well  below  the  RBC  for  this 
compound  (85  fxg/g).  Organic  compounds  detected  in  test  pit  samples  are  presented  in  Table  2- 
3.  Total  pesticide  and  PAH  concentrations  detected  in  shallow  (0-2  feet  bgs)  and  deeper  test  pit 
samples  (2  feet  bgs)  are  presented  in  Figures  2-28  and  2-30,  respectively. 

2.11.3.4  Groundwater 

As  previously  mentioned,  seven  shallow  monitoring  wells  (MW-68  and  MW-70  through  MW-74, 
and  MW-81)  were  installed  to  investigate  potential  groundwater  contamination  associated  with  these 
AREEs.  Soil  boring/monitoring  well  MW-68  serves  as  an  upgradient  well  due  to  the  screen  placement  of 
existing  well  MW-1.  The  top  of  the  screen  of  existing  well  MW-1  is  below  the  water  table,  thereby  ren¬ 
dering  it  unable  to  provide  monitoring  data  for  TPH.  MW-71  was  installed  to  address  the  PCB  contami¬ 
nation  found  at  05DP01 .  MW-81  is  located  adjacent  to  existing  monitoring  wells  MW-2  and  MW-3  and 
was  completed  such  that  the  screens  were  placed  to  intercept  light  phase  compounds,  if  present.  In  ad¬ 
dition,  two  deep  monitoring  wells,  MW-82  and  MW-83  were  installed.  MW-82  is  located  adjacent  to  MW- 
2  (forming  a  well  cluster  with  MW-81)  to  evaluate  potential  downward  migration  of  PCBs  in  an  area 
where  PCBs  have  been  detected  in  the  past.  Deep  well  MW-83  was  installed  to  form  a  well  cluster  with 
shallow  monitoring  well  MW-71 . 

Five  of  the  six  existing  monitoring  wells  (MW-1  through  MW-5)  were  resampled  during  the  field 
investigation  for  the  Rl.  Monitoring  well  MW-6  was  not  sampled  due  to  a  damaged  well  casing  which 
may  have  compromised  the  integrity  of  the  sample.  Groundwater  samples  were  analyzed  for  TCL 
VOCs,  SVOCs,  pesticides/PCBs,  and  TAL  metals,  PAHs,  PCTs,  TPH  in  order  to  further  characterize 
groundwater  within  AREEs  2  and  5.  Monitoring  well  locations  are  presented  in  Figure  2-32. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  at  concentrations 
exceeding  their  respective  WRF  site  background  maximum  concentrations.  Chromium  was 
detected  at  a  concentration  of  23.5  ^g/L.  The  site  background  maximum  concentration  for 
chromium  is  22.3  pg/L.  Iron  was  detected  in  groundwater  samples  collected  from  MW-5  (14,600 
^g/L)  and  MW-82  (12,500  ^g/L),  which  exceed  the  background  concentration  for  iron  of  9,620 
ng/L.  Lead  was  detected  above  the  WRF  site  background  maximum  concentration  of  6.3  ng/L  in 
samples  collected  from  the  following  monitoring  wells:  MW-1,  MW-4,  MW-5,  and  MW-72  at 
concentrations  of  15.9  ^g/L,  25.7txg/L,  15.5  ng/L,  and  6.6  ^g/L,  respectively.  Manganese  was 
detected  above  background  in  MW-2  and  MW-82,  and  MW-82  Round  2  at  concentrations  of  388 
ng/L  and  547  ng/L  and  491  pg/g,  respectively  (the  site  background  maximum  concentration  for 
manganese  is  354  pg/L).  Nickel  was  detected  in  MW-4  at  a  concentration  of  28.1  ^g/L  (site 
background  concentration  of  18.4  i^g/L).  Thallium  was  detected  in  only  one  sample,  MW-4,  at  a 
concentration  of  0.1  pg/L,  which  is  equal  to  the  site  background  concentration  for  thallium.  Zinc 
was  detected  above  the  site  background  concentration  of  46  pg/L  in  samples  collected  from 
MW-1  and  MW-4,  at  concentrations  of  51  pg/g  and  85.4  pg/g,  respectively.  Inorganic 
compounds  detected  in  groundwater  are  presented  in  Table  2-3.  Inorganic  compounds  detected 
in  groundwater  are  presented  in  Figure  2-31 . 

All  organic  compounds  were  present  in  low  concentrations  above  detection  limits  but  below 
respective  RBCs,  with  the  exception  of  aldrin  detected  in  MW-82  at  a  concentration  of  0.009 
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|ig/L  (RBC  of  0.004  )xg/L):  lindane  detected  in  MW-82  at  a  concentration  of  0.214  pg/L  (RBC  of 
0.052  ng/L):  DDT  detected  in  MW-82  at  a  concentration  of  0.051  ^g/L  (0.2  ^g/L);  heptachlor 
epoxide,  detected  in  MW-82  at  a  concentration  of  0.035,  greater  than  the  RBC  concentration  of 
0.0012  |xg/L;  and  PCB-1016,  detected  in  MW-81  at  a  concentration  of  2.93,  which  is  greater  than 
the  RBC  concentration  of  0.26  |a.g/L.  Organic  compounds  detected  in  both  shallow  and  deep 
wells  are  presented  in  Table  2-3.  Total  pesticides  and  PAHs  detected  in  groundwater  are  shown 
in  Figure  2-32.  Pesticide  and  semi-voiatile  piumes  have  been  mapped  for  this  area  and  are 
presented  as  Figures  2-39  and  2-40,  respectiveiy. 

PAHs  and  PCBs  were  detected  at  low  concentrations  during  the  second  round  of  groundwater 
sampling,  conducted  in  the  spring  of  1996.  Aidrin  (RBC  of  0.004  ng/L)  was  the  only  compound 
detected  above  the  RBC  in  Round  2  sampling  at  a  concentration  of  0.010  in  MW-74.  PCB  1016 
was  detected  in  MW-81  at  a  concentration  of  2.93  rpg/L. 

2.11.3.5  Sediment 

Three  sediment  samples  (RISD11,  RISD12,  and  RISD13)  were  collected  from  Marumsco  Creek, 
and  from  areas  topographically  downgradient  from  OU1.  All  sediment  samples  were  analyzed  for  TCL 
VOCs,  TCL  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs.  Organic  and  inorganic  compounds 
detected  in  sediment  are  presented  in  Table  2-3. 

Barium  was  the  only  inorganic  compound  not  detected  in  all  three  sediment  samples.  Lead  was 
nondetect  in  two  sediment  samples,  RISD11  and  RISD12.  The  following  inorganic  compounds  were  pre¬ 
sent  in  concentrations  above  their  respective  detection  limits  but  below  their  respective  WRF  site  back¬ 
ground  concentrations  in  all  three  sediment  samples;  aluminum  (site  background  concentration  of 
16,900  |xg/g);  calcium  (site  background  concentration  of  6,000  ^g/g;  chromium  (site  background  concen¬ 
tration  of  33.7  pg/g);  cobalt  (site  background  concentration  of  21.4  ng/g):  copper  (site  background  con¬ 
centration  of  44.4  |ig/g);  iron  (site  background  concentration  of  36,500  ng/g);  magnesium  (site  back¬ 
ground  concentration  of  3,740  |xg/g);  manganese  (site  background  concentration  of  1,690  ng/g);  nickel 
(site  background  concentration  of  30.3  ng/g);  potassium  (site  background  concentration  of  2,120  pg/g): 
and  zinc  (site  background  concentration  of  168  (ig/g).  The  beryllium  concentration  equaled  the  site 
background  concentration  of  1.38  ^g/g  in  RISD12.  Sodium  concentrations  in  RISD11  (2,650  pg/g)  and  in 
RISD12  (2,450  ^g/g)  exceeded  the  WRF  site  background  concentration  for  sodium  of  1,710  ng/g. 
RISD12  and  RiSD13,  with  vanadium  concentrations  of  60.9  ^ig/g  and  64.4  pg/g,  respectively,  exceeded 
the  WRF  site  background  concentration  of  54.1  pg/g.  Inorganic  compounds  detected  above  background 
concentrations  in  sediment  samples  are  presented  in  Figure  2-33. 

All  organic  compounds  detected  in  sediment  samples  were  below  RBCs,  with  the  exception  of 
benzo(a)pyrene,  detected  in  RISD12  at  a  concentration  of  0.198  (the  RBC  for  benzo(a) pyrene  is  0.198 
ng/g).  Total  PCT,  TPH,  pesticide,  and  PAH  concentrations  detected  in  sediment  samples  are  presented 
in  Figure  2-34. 

2.11.3.6  Surface  Water 

Three  surface  water  samples  RISW11,  RISW12,  and  RISW13,  were  collected  in  locations  identi¬ 
cal  to  the  corresponding  sediment  sample  locations  discussed  in  Section  2.5.3.5.  Inorganic  compounds 
detected  in  surface  water  samples  are  presented  in  Table  2-3.  The  following  inorganic  compounds  were 
detected  at  concentrations  below  site  background  concentrations  in  all  three  surface  water  samples:  ar¬ 
senic  (1.4  ng/L);  cadmium  (not  detected  [ND]);  calcium  (22,200  ng/L);  magnesium  (7,500  ^g/L):  manga¬ 
nese  (303  ng/L);  nickel  (ND);  selenium  (ND);  sodium  (16,500  ng/L);  thallium  (ND);  and  zinc  (ND).  Inor¬ 
ganics  were  not  detected  above  WRF  site  background  maximum  concentrations  in  RISW1 1 . 

Inorganics  detected  above  background  concentrations  in  RISW12  are  aluminum  (2,100  ng/L, 
with  a  site  background  concentration  of  1,930  ^g/L);  and  iron  (2,770  ng/L,  with  a  site  background  con¬ 
centration  of  2,510  |xg/L).  Inorganics  exceeding  background  concentrations  in  RISW13  include  alumi¬ 
num  (3,460  pg/L);  barium  (54.3  |ig/L);  copper  (6.1  pg/L);  iron  (4,110  ng/L);  lead  (5.2  ^lg/L);  potassium 
(4,490  )ig/L);  and  vanadium  (10.8  ^g/L).  Inorganics  detected  above  background  in  surface  water  sam¬ 
ples  from  OU1  are  shown  in  Figure  2-35. 


DACA31-94-D-0064 
ESPS01-437 
November  1 997 


2-23 


Focused  Feasibility  Study 
for  Operable  Unit  One 
Final  Document 


Section  2.0 
Site  Background 


Organic  compounds  were  not  detected  above  RBCs  in  surface  water  samples  collected  from 
AREEs  2  and  5. 

2.11.3.7  Surface  Water  Runoff 

Three  surface  water  runoff  samples  (SWR010,  SWR011,  and  SWR012)  were  collected  from 
topographically  low  areas  that  received  surface  water  runoff  from  AREEs  2  and  5.  Surface  water  runoff 
samples  were  analyzed  for  TCL  VOCs,  TCL  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs  (if 
PCBs  were  detected).  Inorganic  and  organic  compounds  detected  in  surface  water  runoff  samples  are 
presented  in  Table  2-3.  Sample  locations  and  inorganic  compounds  detected  in  surface  water  run-off 
samples  are  presented  in  Figure  2-36.  Total  pesticides  and  PAHs  detected  in  surface  water  runoff  sam¬ 
ples  are  presented  in  Figure  2-37. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  in  surface  water  runoff 
sample  SWR010  at  the  following  concentrations:  aluminum  (2,570  pg/L);  arsenic  (1.2  pg/L); 
barium  (86.3  pg/L);  cadmium  (0.1  pg/L);  calcium  (7,020  pg/L);  iron  (15,800  pg/L);  lead  (5.3  pg/L); 
magnesium  (4,610  pg/L);  manganese  (863  pg/L);  potassium  (1,250  pg/L);  sodium  (9,720  pg/L); 
vanadium  (12.2  pg/L);  and  zinc  (27.2  pg/L).  Two  organic  compounds,  fluoranthene  and 
endosulfan  sulfate,  were  detected  in  SWR010  at  concentrations  of  0.023  pg/L  and  0.105  pg/L, 
respectively. 

Surface  water  sample  SWR011  contained  the  following  inorganic  compound  concentrations: 
aluminum  (30,200  pg/L);  arsenic  (2.9  pg/L);  barium  (178  pg/L);  cadmium  (0.6  pg/L);  calcium 
(6,880  pg/L);  chromium  (40.9  pg/L);  copper  (33.0  pg/L);  iron  (31,100  pg/L);  lead  (45.9  pg/L); 
magnesium  (4,640  pg/L);  manganese  (571  pg/L);  nickel  (16.1  pg/L);  potassium  (6,240  pg/L); 
sodium  (1,460  pg/L);  thallium  (0.4  pg/L);  vanadium  (82.5  pg/L);  and  zinc  (723  pg/L).  The 
following  organic  compounds  were  detected  at  the  following  concentrations:  DDE  (0.012  pg/L); 
DDT  (0.018  pg/L);  anthracene  (0.161  pg/L);  fluoranthene  (0.022  pg/L);  and  pyrene  (0.137  pg/L). 

SWR012  contained  the  following  inorganic  compounds  at  the  following  concentrations: 
aluminum  (1,080  pg/L);  barium  (72.1  pg/L);  calcium  (6,220  pg/L);  iron  (20,790  pg/L);  lead  (1.3 
pg/L);  magnesium  (4,450  pg/L);  manganese  (1,390  pg/L);  potassium  (1,920  pg/L);  sodium  (5,640 
pg/L);  and  zinc  (86.0  pg/L).  One  organic  compound,  endosulfan  sulfate  was  present  above 
detection  limits  at  a  concentration  of  0.495  pg/L  in  surface  water  sample  SWR012. 

2.11.4  Discussion 

Inorganic  compounds  were  detected  at  concentrations  exceeding  the  WRF  site  background 
maximum  values  in  surface  soil  samples  (0  -  0.5  feet  bgs),  shallow  soil  samples  collected  from  0-2  feet 
bgs;  subsurface  soil  samples  (>2  feet  bgs);  test  pit  samples;  sediment  samples;  surface  water  samples; 
and  groundwater  samples.  Elevated  concentrations  of  heavy  metals  were  present  in  surface  water  runoff 
samples  collected  from  these  AREEs,  and  in  particular,  in  SWR011,  which  is  located  on  the  edge  of  a 
wetland  area,  adjacent  to  Marumsco  Creek.  Inorganics  of  concern  which  substantially  exceeded  site 
background  concentrations  include  aluminum,  barium,  chromium,  cobalt,  manganese,  nickel  and  vana¬ 
dium.  Inorganics  slightly  above  site  background  concentrations  include  beryllium,  copper,  lead,  and  zinc. 
A  substantial  portion  of  the  inorganics  above  site  background  concentrations  were  detected  from  RISS6, 
RISS7,  and  RISS8,  which  are  topographically  downgradient  from  AREE  5,  where  metal  debris  was  sup¬ 
posedly  buried  in  the  past.  The  former  landfills  2  and  5  are  likely  contributing  to  elevated  metals  con¬ 
centrations  in  surface  and  shaliow  subsurface  soil.  Debris  uncovered  in  test  pits  excavated  during  the 
1995  Rl  could  be  a  possible  source  for  elevated  metals  contamination  in  shallow  soil  samples  and 
groundwater  samples. 

While  organic  compounds  were  not  detected  in  surface  soil  samples  above  RBCs,  PCB-1248 
was  detected  in  subsurface  soil  samples  above  RBC  concentrations  in  samples  collected  from  MW-81. 
MW-82  (installed  adjacent  to  MW-81),  was  drilled  and  installed  using  mud  rotary  techniques,  therefore, 
no  soil  samples  were  collected  from  this  boring. 

PAHs  and  pesticides  were  detected  in  groundwater  samples  above  RBCs  in  both  new  and  exist¬ 
ing  wells.  Figures  2-39  and  2-40  present  total  pesticides  and  semi-volatile  groundwater  plumes  associ- 
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ated  with  these  AREEs.  The  groundwater  sample  collected  from  MW-82  (located  on  the  eastern  edge  of 
the  AREE  2  perimeter)  had  low  levels  of  multiple  PAH  and  pesticide  compounds;  however,  none  of  the 
PAH’S  were  above  their  respective  RBCs.  Only  two  of  the  pesticides  had  concentrations  above  RBCs. 
Heptachlor  epoxide  (RBC  of  0.0012  pg/L)  and  aldrin  (0.004  pg/L)  had  concentrations  of  0.035  pg/L  and 
0.009  pg/L,  respectively.  The  PAH  and  pesticides  appear  to  be  concentrated  mainly  in  and  around  AREE 
2,  with  the  highest  and  most  frequently  detected  compounds  occurring  in  samples  collected  from  wells 
near  the  southern  (downgradient)  portion  of  AREE  2.  AREE  2's  history  as  a  former  dump  may  be  the 
source  for  the  PAH/pesticide  contamination  in  this  area.  Levels  of  PAHs  and  pesticides  were  found  in 
surface  and  subsurface  soil  samples  collected  in  this  area;  however,  none  were  above  site  background 
levels.  These  PAHs  and  pesticides  may  have  been  leached  from  the  soil  and  introduced  into  the 
groundwater.  Methylene  chloride  (0.010  pg/g)  was  detected  in  a  test  pit  sample  TP-3B  collected  from 
AREE  2  at  a  depth  of  7  feet  bgs,  which  is  well  below  the  RBC  value  for  methylene  chloride  of  760  pg/g. 

2.11.5  Conclusions 

Concentrations  of  heavy  metals  are  present  in  surface  soils  samples  above  site  background  lev¬ 
els,  particularly  in  RISS7,  the  only  surface  soil  sample  collected  within  the  actual  boundary  of  AREE  5. 
Elevated  concentrations  of  metals  in  shallow  soil  samples  are  widespread  across  AREEs  2  and  5,  which 
may  be  derived  from  debris  previously  disposed  of  in  this  area.  Although  metals  were  detected  in  test  pit 
samples  within  these  AREEs,  elevated  concentrations  are  more  prevalent  in  surface  soils  than  in  sub¬ 
surface  soils.  For  example,  TP-4B,  collected  at  4  feet  bgs,  had  higher  and  more  frequent  detects  of  in¬ 
organic  analytes  than  did  test  pit  samples  collected  from  deeper  depths.  Surface  water  samples  also 
showed  elevated  metals  concentrations,  which  could  be  attributed  to  metals  present  in  surface  soils 
within  AREEs  2  and  5  and  other  upgradient  areas,  being  transported  from  these  locations  by  runoff. 

Metals  detected  in  groundwater  were  varied  and  detected  in  both  existing  and  newly-installed 
wells  in  both  AREEs.  Metals  seemed  to  be  more  frequently  detected  in  existing  wells  located  in  close 
proximity  to  AREE  2. 

Elevated  PAH/pesticide  concentrations  were  detected  in  groundwater  samples  collected  from 
these  AREEs.  The  most  frequently  detected  concentrations  were  collected  from  MW-81  and  MW-82, 
which  are  located  adjacent  to  each  other,  near  the  eastern  (downgradient)  edge  of  AREE  2. 

MW-81  is  located  within  the  former  landfill  (AREE  2),  on  the  eastern  side.  PCBs  were  detected 
at  low  concentrations  in  the  subsurface  soil  samples  collected  from  MW-81.  PCB-1016  was  detected  in 
the  groundwater  sample  collected  from  this  well  during  the  Round  2  sampling. 

2.12  AREES  3  AND  6A  -  PREVIOUS  AND  CURRENT  INVESTIGATIONS 

AREEs  3  and  6A  are  former  dumps  located  in  the  northern  portion  of  OU1,  west  of  Deephole 
Point  Road  and  east  of  Lake  Drive.  In  past  documents  these  AREEs  were  treated  separately;  however, 
in  view  of  their  close  proximity  (40  feet)  to  each  other  (an  ephemeral  pond  separates  the  two),  these  two 
AREEs  have  been  grouped  together  and  the  ephemeral  pond  has  been  included  in  the  following  discus¬ 
sion. 


AREE  3  is  thought  to  be  located  to  the  south  and  west  of  the  ephemeral  pond  on  the  east  side  of 
Lake  Drive,  and  is  thought  to  be  approximately  100  feet  by  25  feet.  The  burial  of  debris  such  as  wood, 
lead-coated  wire,  paper,  and  plastic,  reportedly  began  in  1966,  and  continued  until  this  area  was  covered 
with  soil  in  1973  (Weston,  1992).  AREE  6A  is  a  former  dump  area  located  west  of  Deephole  Point  Road 
and  south  of  Lake  Drive.  This  dump  was  identified  by  ground  scars  and  soil  disturbances  observed  in 
aerial  photographs,  and  metal  debris  has  been  observed  protruding  from  the  toe  of  the  slope  along  the 
southwestern  extent  of  AREE  6A.  The  following  sections  present  data  derived  from  previous  and  current 
investigations  focusing  on  AREEs  3  and  6A.  Figure  2-41  presents  previous  and  current  sampling  loca¬ 
tions  for  these  AREEs. 

2.12.1  USAEC  Site  inspection,  1993  - 1994 

The  USAEC  conducted  a  site  inspection  that  included  a  geophysical  survey  to  locate  subsurface 
anomalies,  a  trenching  program  within  suspected  dumping  areas  to  verify  the  existence  of  any  subsur- 
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face  debris,  and  a  soil  sampling  program  from  within  the  trenches  where  debris  was  encountered.  Addi¬ 
tionally,  direct  push  groundwater  samples  were  collected  from  the  area  (USAEC,  1995c). 

Summary  of  Results.  Three  anomalies  were  identified  in  AREE  3  and  three  trenches  were 
excavated  (trenches  10  - 12)  to  investigate  the  anomalies.  Debris  was  found  in  trench  12  and 
one  soil  sample  (03EX0101)  was  collected  from  within  the  trench.  The  sample  was  analyzed  for 
RGBs  and  pesticides.  No  RGBs  or  pesticides  were  detected  above  method  detection  limits 
(USAEG,  1995c). 

Three  anomalies  were  identified  in  AREE  6A  by  the  geophysical  survey  and  four  trenches 
(trenches  1  -  4)  were  excavated  to  investigate  the  anomalies.  Debris  was  found  in  trenches  1,  2, 
and  4.  Soil  samples  were  collected  from  trenches  1  and  2  (6AEX0101  and  6AEX0201)  analyzed 
for  RGBs  and  pesticides.  Resticides  and  RGBs  were  not  detected  in  these  soil  samples  (USAEG, 
1995c). 

During  the  1993  SI,  the  location  of  the  disposal  area  was  thought  to  be  confirmed;  however, 
recent  information  suggests  that  it  may  be  located  farther  south  of  the  current  AREE  3  perimeter, 
as  shown  on  Figure  2-41 . 

Direct  push  groundwater  samples  were  collected  from  AREE  3  and  acetone  was  detected  in 
groundwater  at  a  level  of  18  pg/L  (03DR02).  A  total  of  five  direct  push  samples  (6ADR01A, 
6ADR01B,  6ADR01G,  6ADR02,  and  6ADR03)  were  collected  from  within  AREE  6A  during  this 
investigation;  however,  only  one  (6ADR03)  was  submitted  for  pesticide/RGB  analysis. 
Resticides/RGBs  were  not  detected  above  method  detection  limits  in  6ADR03  (USAEG,  1995c). 

RGBs  were  detected  in  sediment  samples  collected  during  the  1993  SI  near  AREE  3  at 
concentrations  of  0.014  pg/g  in  02SE01  (located  upgradient  from  AREE  3,  in  the  pond  adjacent 
to  RZ-12)  and  02SE02  (located  downgradient  of  AREEs  3  and  6A).  A  RGB  concentration  of  0.13 
pg/g  was  detected  in  02SE02  (USAEG,  1995c). 

2.12.2  Current  Investigation  Results  -  USAEC  Remedial  Investigation,  1995 

This  section  presents  surface  soil  and  test  pit  sample  data  for  AREEs  3  and  6A  derived  from  the 
Rl  field  investigation  conducted  in  1995. 

2.12.2.1  Surface  Soil 

Twelve  surface  soil  samples  (including  2  duplicate  samples)  were  collected  for  site  characteriza¬ 
tion  (RISS10-12  near  AREE  3)  and  (RISS17-RISS23  near  AREE  6A).  These  soil  samples  were  analyzed 
for  TCL  VOCs,  SVOCs,  pesticides/RCBs,  RAHs,  and  TAL  metals.  Inorganic  and  organic  concentrations 
detected  in  surface  soil  samples  are  presented  in  Table  2-4. 

Summary  of  Results  -  AREE  3:  Several  inorganics  were  detected  above  WRF  site  background 
maximum  concentrations  in  surface  soil  samples  collected  from  AREE  3.  Aluminum  was 
detected  at  a  concentration  of  15,500  pg/g  in  RISS-10,  which  is  slightly  above  the  WRF  site 
background  level  of  14,350  pg/g.  RISS-10  (12.7  pg/g)  was  the  only  surface  soil  sample  that  had 
a  concentration  above  the  site  background  maximum  concentration  for  copper  of  12.6  pg/g. 
Neither  iron  nor  lead  exceeded  site  background  maximum  concentrations  (28,100  pg/g  -  iron  and 
22.4  pg/g  -  lead)  for  surface  soil  samples  collected  in  AREE  3.  Manganese  was  present  above 
detection  limits;  however,  all  manganese  concentrations  were  below  the  site  background  (875 
pg/g)  maximum  concentration  for  manganese.  RISS-10  (496  pg/g)  was  above  the  sodium  site 
background  concentration  of  487  pg/g  and  RISS-12's  (487  pg/g)  concentration  equaled  the  site 
background  concentration.  Inorganic  compounds  detected  in  surface  soils  are  presented  in 
Table  2-4.  Figure  2-26  presents  metals  concentrations  detected  above  WRF  site  background 
maximum  concentrations  for  surface  soils,  shallow  subsurface  samples  (0-2  feet  bgs),  and 
shallow  test  pit  samples  (0-2  feet  bgs)  for  OU1 . 

All  organics  were  non-detect  with  the  exception  of  anthracene  and  methylene  chloride  which 
were  both  well  below  their  RBG's  of  2,300  pg/g  and  85  pg/g,  respectively.  .  Organic  compound 
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concentrations  detected  in  surface  soils  are  presented  in  Table  2-4.  Figure  2-28  presents  total 
PAH  and  pesticide  concentrations  detected  in  surface  soils  at  OU1 . 

Seven  surface  soil  samples  (RISS-17  through  RISS-23)  were  collected  to  further  characterize 
AREE  6A.  Surface  soil  samples  were  collected  from  areas  where  stressed  vegetation  was 
identified.  Soil  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals, 
and  PAHs.  If  PCBs  were  detected,  the  laboratory  was  instructed  to  analyze  for  PCTs. 

Summary  of  Results  -  AREE  6A:  The  following  inorganic  compounds  were  detected  at 
concentrations  below  site  background  levels:  barium,  calcium,  chromium,  cobalt,  iron,  lead, 
magnesium,  manganese,  and  vanadium.  Aluminum  was  detected  at  concentrations  above  site 
background  levels  (14,350  pg/g)  in  RISS22  (16,300  pg/g).  Beryllium  was  detected  at 
concentrations  slightly  exceeding  background  for  samples  RISS21DUP  (0.881  pg/g)  and  RISS22 
(0.825  pg/g).  The  site  background  level  for  beryllium  is  0.814  pg/g.  Copper  was  detected  at 
values  exceeding  the  site  background  value  of  12.6  pg/g  in  RISS21  (16.4  pg/g),  RISS21DUP 
(17.9  pg/g),  and  RISS22  (16.8  pg/g).  The  WRF  maximum  site  background  concentration  for 
nickel  is  11.9  pg/g  and  the  sample  RISS21DUP  had  a  nickel  concentration  of  12.0  pg/g.  All 
surface  soil  samples  analyzed  for  potassium  significantly  exceeded  the  maximum  site 
background  level  of  936  pg/g.  Selenium  was  detected  above  the  maximum  background 
concentration  of  14.2  pg/g  in  the  following  samples:  RISS21  (17.7  pg/g);  RISS21DUP  (20  pg/g); 
and  RISS22  (24.5  pg/g).  Sodium  exceeded  the  site  background  level  of  487  pg/g  in  samples 
RISS21  (534  pg/g),  RISS21DUP  (535  pg/g),  RISS22  (544  pg/g),  and  RISS23  (500  pg/g).  One 
sample,  RISS21DUP,  exceeded  the  site  background  concentration  of  43.9  pg/g  for  zinc,  at  a 
concentration  of  46.7  pg/g.  Inorganics  detected  in  surface  soil  samples  collected  in  AREE  6A 
are  presented  in  Table  2-4.  Figure  2-24  presents  metals  concentrations  detected  above  WRF 
site  background  maximum  concentrations  for  surface  soils,  shallow  subsurface  samples  (0-2  feet 
bgs)  and  shallow  test  pit  samples  (0-2  feet  bgs)  for  OU1 . 

Aluminum  and  copper  were  the  only  inorganics  above  site  background  in  both  AREEs  3  and  6A 
(in  R1SS10,  RISS21,  RISS21DUP,  and  RISS22)  and  both  were  above  background  only  slightly. 
These  samples  locations  are  nearest  the  ephemeral  pond,  located  between  the  two  AREEs  and 
surface  water  runoff  from  both  AREEs  appear  to  drain  into  the  pond. 

All  organics  concentrations  detected  in  surface  soil  samples  collected  from  both  AREEs  were 
below  their  respective  RBC.  Organic  compounds  detected  in  surface  soil  samples  are  presented 
in  Table  2-4.  Total  PAHs  for  surface  soils  are  presented  on  Figure  2-28. 

2.12.2.2  Subsurface  Soil 

One  shallow  soil  boring,  MW-69  (later  converted  to  a  monitoring  well),  was  drilled  downgradient 
of  AREE  3  (this  boring  is  also  located  downgradient  of  AREE  6A)  to  further  characterize  the  extent  of 
downgradient  subsurface  contamination  in  this  area.  Boring  logs  and  monitoring  well  completion  dia¬ 
grams  are  presented  in  Appendix  A.  Subsurface  soil  samples  were  analyzed  for  TCL  VOCs,  TCL 
SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs  (if  PCBs  were  detected). 

Summary  of  Results.  Aluminum  was  present  slightly  below  the  site  background  concentration  of 
18,200  pg/g  at  a  concentration  of  16,000  pg/g  in  the  0-2  feet  sample.  Potassium  was  detected  at 
a  concentration  of  764  pg/g  (site  background  concentration  of  624  pg/g),  also  in  the  0-2  feet 
sample.  Selenium  was  detected  at  a  concentration  of  15.5  pg/g,  which  slightly  exceeds  the  site 
background  concentration  of  14.2  pg/g  in  the  shallow  subsurface  soil  sample  collected  from  MW- 
69.  All  organic  concentrations  were  below  the  WRF  site  background  maximum  concentrations. 
Figures  2-24,  2-25,  2-27,  and  2-28  present  inorganic  and  organic  concentrations  detected  in 
shallow  subsurface  (0-2  feet  bgs)  and  deeper  subsurface  (>2  feet  bgs)  soil  samples  at  OU1 . 

Two  deeper  subsurface  soil  samples  (25-27  feet  bgs  and  27-29  feet  bgs)  were  collected  from  the 
MW-69  boring;  however,  all  organic  results  were  below  the  WRF  site  background  maximum 
concentrations. 
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2.12.2.3  Test  Pits 

Two  test  pits  (TP-13  and  TP-14)  were  excavated  in  the  AREE  3  former  disposal  area  to  charac¬ 
terize  this  site. 

•  TP-13  was  trenched  in  a  north/south  direction,  adjacent  to  the  marsh.  TP-13  was  47  feet 
long  and  excavated  to  a  depth  of  7  feet  bgs.  Two  samples  were  collected;  TP-13A  at  6.5 
feet  bgs  and  TP-13B  at  5  feet  bgs.  No  debris  was  encountered  during  the  excavation. 

•  TP-14  was  cut  parallel  along  the  western  slope  in  the  northeast/southwest  direction.  TP-14 
was  49  feet  long  and  excavated  to  a  depth  of  7  feet  bgs.  Two  samples  were  collected:  TP- 
14A  (TP-14A  DUP)  at  4  feet  bgs  and  TP-14B  at  7  feet  bgs.  No  debris  was  encountered  dur¬ 
ing  the  excavation. 

Three  test  pits  (TP-15  through  TP-17)  were  excavated  across  the  AREE  6A  former  disposal  area 
to  characterize  this  site. 

•  TP-15  was  trenched  in  two  segments  north  of  TP-16  in  order  to  delineate  the  aerial  extent  of 
debris  associated  with  TP-16.  Segment  1  was  10  feet  long  and  excavated  to  a  depth  of  6 
feet  bgs.  No  sample  was  collected  from  segment  1 .  No  debris  was  identified  during  the  ex¬ 
cavation  of  segment  1.  Segment  2  was  134  feet  iong  and  excavated  to  a  depth  of  6  feet 
bgs.  Two  samples  were  collected:  TP-15A  at  1  feet  bgs  and  TP-15B  at  4  feet  bgs.  A 
crushed  buried  drum  and  creosote  pole  were  unearthed  at  36-inches  below  grade  and  black, 
stained,  discolored  soil  was  identified  directly  underneath  the  buried  drum  in  segment  2. 

•  TP-16  was  trenched  in  two  V-shaped  segments,  north  of  TP-17  and  perpendicular  to  the 
ditch  where  debris  was  identified.  Segment  1  was  17  feet  iong  and  excavated  to  a  depth  of 
6  feet  bgs.  One  sample,  TP-16A,  was  collected  (in  duplicate)  at  3  feet  bgs.  Debris  consist¬ 
ing  of  cable  and  automotive  parts  were  identified  between  30  to  37-inches  below  grade  dur¬ 
ing  the  excavation.  Segment  2  was  20  feet  long  and  excavated  to  a  depth  of  5.3  feet  bgs. 
One  sample  was  collected,  TP-16B,  at  3.33  feet  bgs.  Debris  consisting  of  cable  was  identi¬ 
fied  at  approximately  35-inches  below  grade  during  the  excavation. 

•  TP-17  was  trenched  in  two  segments.  Segment  1  was  cut  into  the  side  of  the  sloping  hill 
where  debris  was  protruding  from  the  ground.  One  sample,  TP-17A,  was  collected  at  6  feet 
bgs.  A  length  of  rebar  with  cement  was  unearthed  at  approximately  72-inches  below  grade. 
Segment  2  was  cut  in  an  area  of  stressed  vegetation.  One  sample,  TP-17B,  was  collected  at 
the  surface. 

Summary  of  Results  -  AREE  3.  All  inorganic  concentrations  were  below  site  background 
maximum  concentrations,  with  the  exception  of  beryllium  (1.16  pg/g)  in  sample  TP-14A;  and 
cobalt  (20.3  pg/g)  in  sample  TP-13A  and  21.5  pg/g  in  sample  TB-13B.  The  site  background 
maximum  concentration  for  beryllium  is  1.02  pg/g  and  the  site  background  concentration  for 
cobalt  is  13.9  pg/g.  Calcium  exceeded  the  WRF  site  background  maximum  concentration  of  454 
in  TP-13A,  at  a  concentration  of  489  pg/g.  Lead  concentrations  were  above  the  site  background 
ievel  of  11.8  in  two  samples,  TP-14A  (12.1  pg/g)  and  TP-14  DUP  (13.9  pg/g).  Potassium 
concentrations  were  below  624  pg/g,  which  is  the  site  background  concentration,  with  the 
exception  of  TP-1 3A  and  TP-13B,  having  concentrations  of  647  pg/g  and  535  pg/g,  respectively. 
Vanadium  (site  background  of  25.8  pg/g)  was  detected  in  TP-13A  at  a  concentration  of  28.9  pg/g 
and  in  TP-14A  at  a  concentration  of  4.0  pg/g.  Inorganics  detected  in  test  pit  samples  collected  in 
AREE  3  are  summarized  in  Table  2-4. 

Summary  of  Results  -  AREE  6A.  Inorganic  compounds  detected  at  concentrations  below  site 
background  levels  include  arsenic,  beryliium,  manganese,  and  sodium.  Inorganics  which  are 
above  site  background  concentrations  include;  aluminum,  antimony,  barium,  beryilium, 
cadmium,  calcium,  chromium,  cobalt,  copper,  iron,  lead,  magnesium,  nickel,  potassium, 
vanadium,  and  zinc.  Inorganics  detected  in  test  pit  samples  are  presented  in  Table  2-4.  No 
organics  were  detected  above  RBCs  in  test  pit  samples  collected  In  AREE  6A.  Analytical  results 
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with  respect  to  organic  compounds  are  presented  in  Table  2-4.  The  samples  were  analyzed  for 
TCL  VOCs,  SVOCs,  pesticides/PCBs,  and  TAL  metals. 

Organic  compounds  were  not  detected  above  RBCs  in  test  pit  samples  collected  from  AREE  3. 
Inorganic  compound  concentrations  above  site  background  for  AREES  3  and  6A  test  pit  samples 
are  shown  in  Figures  2-26  and  2-29. 

2.12.2.4  Sediment 

One  sediment  sample,  RISD10,  was  collected  near  AREEs  3  and  6A.  This  sample  was  collected 
just  north  of  the  approximate  boundary  of  AREE  3,  at  the  edge  of  a  ephemeral  pond  approximately  100 
feet  southeast  of  the  perennial  pond  bordering  Lake  Drive. 

Summary  of  Results.  The  following  inorganic  compounds  were  present  above  detection  limits, 
but  below  their  respective  site  background  concentrations:  aluminum  (13,200  pg/g  -  site 
background  of  15,200  pg/g);  barium  (85.2  pg/g  -  site  background  of  175  pg/g);  beryllium  (0.747 
pg/g  -  site  background  of  1.26  pg/g);  calcium  (989  pg/g  -  site  background  of  6,000  pg/g); 
chromium  (25  pg/g  -  site  background  of  30.1  pg/g);  cobalt  (8.97  pg/g  -  site  background  of  20.7 
pg/g);  copper  (19.6  pg/g  -  site  background  of  41.8  pg/g);  iron  (13,800  pg/g  -  site  background  of 
34,200  pg/g);  lead  (16.4  pg/g  -  site  background  of  42.2  pg/g);  magnesium  (2,600  pg/g  -  site 
background  of  3,740  pg/g);  manganese  (92.8  pg/g  -  site  background  of  1,690  pg/g);  nickel  (14.7 
pg/g  -  site  background  of  30.0  pg/g);  potassium  (1,130  pg/g  -  site  background  of  2,120  pg/g); 
sodium  (657  pg/g  -  site  background  of  1 ,710  pg/g)  vanadium  (37.1  pg/g  -  site  background  of  52.5 
pg/g);  and  zinc  (72.5  pg/g  -  site  background  of  157  pg/g).  Inorganics  detected  above 
background  in  OU1  sediments  are  shown  in  Figure  2-33. 

The  only  organics  detected  in  RISD10  were  benzo(k)fluoranthene  at  a  concentration  of  0.002 
pg/g  -  RBC  of  8.8  pg/g;  anthracene  at  a  concentration  of  0.031  pg/g  -  RBC  of  2,300  pg/g; 
benzo(a)pyrene  at  a  concentration  of  0.002  pg/g  -  RBC  of  0.088  pg/g;  benzo(b)fluoranthene  at  a 
concentration  of  0.004  pg/g  -  RBC  of  0.88  pg/g;  and  fluoranthene  at  a  concentration  of  0.006 
pg/g  (RBC  of  310  pg/g).  Total  pesticides  and  PAHs  detected  in  OU1  sediments  are  shown  in 
Figure  2-34. 

2.12.2.5  Surface  Water 

One  surface  water  sample,  RISW10,  was  collected  at  the  same  location  as  RISD10.  The  fol¬ 
lowing  inorganics  were  detected  at  concentrations  above  their  detection  limits,  but  below  WRF  site  back¬ 
ground  levels:  aluminum  (547  pg/L  -  site  background  of  1 ,930  pg/L);  calcium  (2,020  pg/L  -  site  back¬ 
ground  of  22,200  pg/L):  iron  (705  pg/L  -  site  background  of  2,510  pg/L);  magnesium  (1,250  pg/L  -  site 
background  of  7,500  pg/L);  manganese  (28.3  pg/L  -  site  background  of  303  pg/L);  potassium  (2,010  pg/L 
-  site  background  of  3,670  pg/L);  and  sodium  (1,380  pg/L  -  site  background  of  16,500  pg/L).  Inorganics 
detected  above  background  in  surface  water  are  presented  as  Figure  2-35. 

Organic  compounds  were  not  present  above  detection  limits  in  RISW10. 

2.12.2.6  Groundwater 

One  monitoring  well,  MW-69  was  installed  downgradient  of  AREE  3  (also  downgradient  of  AREE 
6A).  One  groundwater  sample  was  collected  from  AREE  3  (MW-69)  during  the  1995  Rl  sampling.  MW- 
69  was  also  sampled  during  the  second  round  of  sampling.  The  groundwater  sample  was  analyzed  for 
TCL  VOCs,  TCL  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  PCTs  (Round  1  only),  and  TPH.  Inor¬ 
ganic  and  organic  compounds  detected  in  groundwater  are  presented  in  Table  2-4. 

Summary  of  Results.  The  following  inorganic  compounds  exceeded  the  WRF  maximum  site 
background  concentrations:  iron  (25,000  pg/L  -  the  WRF  site  background  maximum 
concentration  is  9,620  pg/L);  manganese  (641  pg/L  -  the  WRF  maximum  site  background 
concentration  for  manganese  is  354  pg/L);  selenium  (4.7  pg/L  -  the  WRF  site  background 
maximum  concentration  for  selenium  is  4.2  pg/L).  Inorganic  compounds  detected  in 
groundwater  above  background  in  OU1  are  presented  as  Figure  2-31 . 
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One  organic  compound,  anthracene  was  detected  above  detection  limits  in  the  groundwater 
sample  collected  from  MW-69.  Anthracene  was  detected  at  a  concentration  of  0.25  pg/L,  while 
the  RBC  for  anthracene  Is  1 ,100  pg/L. 

2. 12.2. 7  Surface  Water  Runoff 

Two  surface  water  runoff  samples  (SWR05  and  SWR09)  were  collected  from  topographically  low 
areas  that  receive  surface  water  runoff  from  AREE  6A.  Surface  water  runoff  samples  were  analyzed  for 
TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs  (if  PCBs  were  detected).  Sample 
locations  are  shown  on  Figure  2-36.  This  figure  also  presents  inorganics  detected  above  background. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  in  SWR05  at  the 
following  concentrations:  aluminum  (19,200  pg/L);  arsenic  (1.5  pg/L);  barium  (147  pg/L); 
cadmium  (1.0  pg/L);  calcium  (6,130  pg/L);  chromium  (32.1  pg/L);  copper  (65.9  pg/L);  iron 
(21,700  pg/L);  lead  (21.9  pg/L);  magnesium  (5,260  pg/L);  manganese  (251  pg/L);  nickel  (29.8 
pg/L);  potassium  (4,400  pg/L);  sodium  (5,930  pg/L);  thallium  (0.3  pg/L);  vanadium  (55.3  pg/L); 
and  zinc  (456  pg/L).  Three  organic  compounds,  anthracene,  fluoranthene,  and  pyrene  were 
detected  at  the  following  concentrations,  respectively:  2.52  pg/L,  0.033  pg/L,  and  0.224  pg/L. 
Total  PAH  and  pesticide  concentrations  detected  in  surface  water  runoff  samples  are  presented 
in  Figure  2-37. 

Inorganic  compounds  were  detected  in  surface  water  sample  SWR09  at  the  following 
concentrations:  aluminum  (12,800  pg/L);  barium  (55.3  pg/L);  cadmium  (0.1  pg/L);  calcium 
(4,160  pg/L);  chromium  (20.1  pg/L);  copper  (12.0  pg/L);  iron  (15,100  pg/L);  lead  (8.5  pg/L); 
magnesium  (3,740  pg/L);  manganese  (3,740  pg/L);  potassium  (2,940  pg/L);  sodium  (5,680  pg/L); 
thallium  (0.2  pg/L);  vanadium  (36.0  pg/L);  and  zinc  (51.3  pg/L).  Organic  compounds  were  not 
detected  in  SWR09. 

2.12.3  Discussion 

Several  inorganics  (aluminum,  copper,  manganese,  and  sodium)  were  detected  slightly  above 
site  background  concentrations  in  surface  soil  samples,  most  of  which  were  detected  in  RISS10,  which 
was  collected  near  the  southeastern  perimeter  of  AREE  3,  just  east  of  the  former  excavation.  RISS1 1 
was  collected  in  the  central  portion  of  AREE  3,  and  RISS12  was  collected  in  the  northwestern  portion  of 
the  AREE.  Test  pit  subsurface  soil  samples  showed  concentrations  above  site  background  maximum 
concentrations  with  respect  to  calcium,  cobalt,  lead,  potassium,  and  vanadium.  Beryllium  was  also  de¬ 
tected  slightly  above  site  background  maximum  concentrations  in  one  test  pit  sample,  TP-14A,  at  a 
depth  of  4  feet  bgs;  however,  the  concentration  is  only  slightly  above  background  and  appears  to  be 
highly  localized.  Vanadium  and  lead  were  also  present  above  background  in  TP-14A,  which  was  col¬ 
lected  near  the  formerly  excavated  area,  as  was  RISS10,  which  exhibited  slightly  elevated  inorganic 
concentrations. 

Two  organic  compounds  were  detected  in  surface  soil  samples  far  below  respective  RBC  values 
for  these  compounds.  Both  compounds,  anthracene  (PAH)  and  methylene  chloride  (VOC  -  a  common 
laboratory  contaminant),  were  present  in  extremely  low  concentrations;  however,  they  were  not  detected 
in  test  pit  samples  collected  within  this  AREE.  The  presence  of  these  compounds  may  be  due  to  surface 
water  runoff  from  areas  north  of  AREE  3.  Methylene  chloride  is  a  common  laboratory  contaminant  and 
may  be  qualified  during  the  data  validation  process.  In  general,  PAHs  are  ubiquitous  across  the  site, 
which  suggests  that  many  of  these  compounds  may  be  naturally-occurring. 

Inorganic  compounds,  namely  manganese  and  selenium  were  detected  above  background  con¬ 
centrations  in  the  groundwater  sample  collected  from  MW-69;  however,  organic  compounds  were  not 
detected  above  RBCs  in  this  sample. 

Inorganic  compounds  were  detected  in  surface  soil  samples  in  AREE  6A  exceeding  site  back¬ 
ground  levels  for  the  following:  aluminum,  beryllium,  copper,  nickel,  potassium,  selenium,  sodium,  and 
zinc.  Most  of  these  analytes  were  detected  in  RISS21  and  RISS22,  which  are  located  in  the  southern 
(topographically  downgradient)  portions  of  the  site,  near  the  former  excavated  area  southeast  of  Lake 
Drive.  Copper  and  sodium  were  detected  in  the  0-2  feet  surface  soil  sample  collected  from  the  soil  bor- 
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ing  in  which  MW-65  was  installed.  MW-65  is  located  approximately  150  feet  south  of  AREE  6A.  MW- 
69,  also  located  south  of  AREE  6A,  had  a  beryllium  concentration  of  0.71  ng/g. 

Inorganics  were  detected  above  site  background  maximum  concentrations  in  test  pit  samples 
collected  at  depths  ranging  from  1  to  6  feet  bgs  from  TP-15,  TP-16,  and  TP-17.  These  concentrations 
indicate  AREE-wide  metals  contamination  in  subsurface  soils  from  0-6  feet  bgs.  Selenium  was  detected 
in  MW-69  at  concentrations  above  site  background  concentrations.  The  surficial  clay  layer  that  is  pres¬ 
ent  throughout  this  portion  of  the  facility  may  act  as  an  impermeable  barrier  for  migration  of  metals  from 
soils  to  groundwater. 

No  organic  compounds  were  detected  at  concentrations  exceeding  respective  RBCs  in  surface 
soil  samples.  Most  of  the  detected  organics  were  present  in  the  RISS19  sample.  Semi-volatiles  and 
pesticides  were  detected  in  shallow  soils  at  low  concentrations,  with  the  most  frequently  detected  com¬ 
pounds  present  in  the  RISS19  sample,  located  in  the  southeastern  portion  of  AREE  6A.  Di-n-butyl 
phthalate  was  detected  at  concentrations  of  4.50  pg/g  and  4.60  pg/g.  Low  levels  of  the  organic  com¬ 
pound  benzo(a)pyrene  were  detected  in  one  test  pit  sample,  TP-16B,  collected  at  a  depth  of  3.33  feet 
bgs.  Low  levels  of  seven  other  compounds  were  also  detected  in  this  sample.  TP-16  is  the  most  down- 
gradient  of  the  test  pits  excavated  within  this  AREE.  Anthracene  was  detected  at  a  concentration  of  0.25 
pg/L  in  the  groundwater  sample  collected  from  MW-69.  No  additional  organic  compounds  were  detected 
in  this  sample  nor  were  organic  compounds  detected  in  the  sample  collected  from  MW-65. 

2.12.4  Conclusions 

Soils  (surface  and  subsurface)  in  AREE  3  contain  low  levels  of  metals,  one  PAH  (anthracene), 
and  one  volatile  (methylene  chloride).  The  primary  metals  of  concern  are  aluminum,  beryllium,  copper, 
and  lead;  however,  these  inorganics  were  present  in  very  low  concentrations  when  compared  to  site 
background  maximum  concentrations.  Anthracene  and  methylene  chloride  were  detected  in  soils  at 
concentrations  well  below  the  respective  RBCs. 

The  primary  metals  detected  in  groundwater  above  site  background  concentrations  are  manga¬ 
nese  and  selenium. 

Surface  water  runoff  samples  were  not  collected  from  AREE  3,  so  no  determinations  can  be 
made  concerning  contaminant  migration  through  erosion  via  surface  water  flow  patterns. 

Elevated  metals  concentrations  were  present  in  surface  and  in  subsurface  soil  samples.  Sele¬ 
nium  was  present  in  a  shallow  groundwater  sample  collected  south  of  AREE  6A,  collected  from  MW-69. 
Metals  contamination  in  soils  and  groundwater  is  most  likely  due  to  these  AREEs  prior  use  as  a  landfill. 

2.13  AREE  4  -  PREVIOUS  AND  CURRENT  INVESTIGATIONS 

AREE  4  is  a  former  dump  site  where  debris,  such  as  wire,  wood,  concrete,  pipe  insulation,  and 
empty  oil  drums,  were  dumped  from  the  late  1950s  until  1973  when  the  dump  was  covered  with  dirt 
(Weston,  1992). 

2.13.1  USAEC  Site  Investigation,  1993  - 1994 

The  USAEC  conducted  a  site  inspection  that  included  a  geophysical  survey  to  locate  subsurface 
anomalies,  a  trenching  program  within  suspected  dumping  areas  to  verify  the  existence  of  any  subsur¬ 
face  anomalies,  and  a  soil  sampling  program  from  within  the  trenches  where  debris  was  encountered. 
Additionaliy,  direct  push  groundwater  sampies  were  collected  from  the  location. 

Summary  of  Results.  Numerous  anomalies  were  identified  by  the  geophysicai  survey  and  five 
trenches  (trenches  5  -9)  were  excavated  to  investigate  the  anomalies.  Debris  was  found  in 
trenches  6  and  7  and  one  soil  sample  (04EX0101)  was  collected  from  trench  7.  The  sample  was 
analyzed  for  PCBs,  pesticides,  VOCs,  and  TPH.  PCBs  and  TPH  were  detected  at 
concentrations  of  0.85  jxg/g  and  220.7  pg/g  in  sample  (USAEC,  1995c).  The  sample  locations 
from  past  (and  current  Rl)  investigations  are  presented  in  Figure  2-39. 

Five  direct  push  groundwater  sampling  points  (04DP01A,  04DP01B,  04DP01C,  04DP02,  and 
04DP03)  were  attempted  during  this  investigation;  however,  only  one  sample  (04DP03)  was 
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collected.  This  sample  was  analyzed  for  VOCs  and  pesticides/PCBs.  VOCs  and 
pesticides/PCBs  were  not  present  above  detection  limits  in  the  deep  push  groundwater  sample. 

2.13.2  Current  Investigation  Results  -  USAEC  Remedial  Investigation,  1995. 

Previous  and  current  sample  locations  for  soil  boring/monitoring  wells,  surface  soil  samples  and 
test  pit  locations  are  presented  in  Figure  2-38.  Analytical  results  from  these  samples  are  discussed  in 
the  following  sections.  A  summary  of  analytes  detected  in  samples  collected  in  AREE  4  is  presented  as 
Table  2-5. 

2.13.2.1  Surface  Soil 

Four  soil  samples  (RISS13-16)  were  collected  for  site  characterization  to  determine  the  extent  of 
surficial  contamination  associated  with  AREE  4.  The  soil  samples  were  analyzed  for  TCL  VOCs, 
SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  PCTs  (if  PCBs  were  detected),  and  TPH. 

Summary  of  Results.  The  following  inorganics  had  concentrations  above  detection  limits  but 
below  WRF  site  background  maximum  concentrations  for  each  inorganic  compound:  aluminum; 
beryllium;  calcium;  chromium;  cobalt;  copper;  iron;  magnesium;  manganese;  nickel;  potassium; 
vanadium;  and  zinc.  Only  two  inorganic  compounds,  lead  and  sodium,  were  detected  at  levels 
that  exceeded  the  WRF  site  background  maximum  concentrations.  Lead  was  detected  slightly 
above  the  site  background  concentration  of  22.4  pg/g  in  surface  soil  samples  RISS13  and 
RISS14  at  concentrations  of  22.5  pg/g  and  22.7  pg/g,  respectively.  Sodium  was  detected  above 
the  site  background  concentration  of  487  pg/g,  in  RISS14  and  RISS16,  at  concentrations  of  505 
pg/g  and  490  pg/g,  respectively.  Inorganics  detected  in  surface  soil  samples  are  presented  in 
Table  2-5.  Inorganics  detected  in  surface  soil  samples  above  background  in  OU1  are  presented 
in  Figure  2-26. 

While  many  organics  were  detected  in  surface  soil  samples  RISS13  through  RISS16,  all  organic 
concentrations  were  below  their  RBCs.  Organic  compounds  detected  in  surface  soil  samples  are 
presented  in  Table  2-5.  Total  pesticides  and  PAHs  detected  in  surface  soils  in  OU1  are 
presented  in  Figure  2-28. 

2.13.2.2  Subsurface  Soil 

Four  soil  borings  (one  upgradient  -  MW-64,  and  two  downgradient  -  MW-66  and  MW-67)  were 
installed  around  the  previously-trenched  area  and  later  converted  to  monitoring  wells.  MW-65  was  in¬ 
stalled  to  the  west  and  approximately  200  feet  upgradient  of  AREE  4.  These  soil  borings  were  designed 
to  evaluate  the  extent  of  subsurface  soil  contamination  in  downgradient  areas  associated  with  this  AREE. 
Boring  logs  and  monitoring  well  completion  diagrams  are  presented  in  Appendix  A.  All  subsurface  soil 
samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PCTs  (if  PCBs  were  de¬ 
tected),  and  TPH. 

Summary  of  Results.  All  inorganic  compounds  analyzed  from  soil  samples  collected  from  0  to  2 
feet  bgs  had  concentrations  above  detection  limits,  but  below  WRF  site  background  maximum 
concentrations.  Inorganic  compounds  detected  in  soil  samples  (0  to  2  feet  bgs)  collected  in 
AREE  4  are  presented  in  Table  2-5. 

Inorganic  compounds  barium,  calcium,  chromium,  cobalt,  copper,  magnesium,  nickel, 
potassium,  vanadium,  and  zinc  were  detected  slightly  above  site  background  concentrations  in 
the  15  feet  bgs  sample  collected  from  the  soil  boring  in  which  MW-64  was  installed.  The 
remaining  compounds  analyzed  from  samples  collected  from  2  feet  bgs  to  the  water  table  were 
detected  at  concentrations  below  site  background  concentrations  for  each  respective  inorganic 
compound.  Two  inorganic  compounds,  copper  and  sodium,  were  detected  above  WRF  site 
background  maximum  concentrations  in  MW-65  (0-2  feet  bgs)  and  the  duplicate  sample 
collected  from  this  boring  (MW-65DUP).  The  WRF  site  background  maximum  concentration  for 
copper  is  12.6  pg/g  and  for  sodium  is  487  pg/g.  Inorganics  detected  in  subsurface  soil  samples 
collected  at  depths  below  two  feet  are  presented  in  Table  2-5.  Inorganics  detected  above 
background  in  subsurface  (>  2  feet  bgs)  soil  samples,  at  OU1  are  presented  in  Figure  2-29. 
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Organics  were  not  detected  above  RBCs  for  shallow  (0-2  feet  bgs)  soil  samples  collected  from 
borings  in  AREE  4,  with  the  exception  of  benzo(a)pyrene,  detected  at  a  concentration  of  0.22 
fig/g  in  MW-65  (site  background  concentration  of  0.088  ^g/g).  No  organic  compounds  were 
detected  above  RBC  values  for  subsurface  soil  samples  collected  at  depths  from  0-2  feet  bgs. 

Organic  compound  concentrations  in  subsurface  soil  samples  collected  from  2  feet  bgs  to  the 
water  table  were  below  respective  RBCs.  PAHs  and  pesticides  detected  in  subsurface  soil 
samples  collected  in  OU1  are  shown  in  Figure  2-30. 

2.13.2.3  Test  Pits 

Test  pits  (TP)  were  excavated  to  evaluate  eight  geophysical  anomalies  previously-identified  west 
of  AREE  4.  TP-5  through  TP-12  were  excavated  to  evaluate  the  presence  of  subsurface  contamination. 
TP-10  through  TP-12  were  excavated  in  the  area  between  AREEs  6A  and  4  along  a  dirt  road  where  de¬ 
bris  has  been  identified.  The  locations  of  the  test  pits  are  presented  in  Figure  2-38.  Two  soil  samples 
were  collected  from  each  test  pit  and  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  met¬ 
als,  PCTs  (if  PCBs  were  detected),  and  TPH.  Test  pit  locations,  lateral  extent,  and  depths  are  discussed 
below; 

•  TP-5  was  excavated  parallel  to  the  dirt  road  running  north/south  where  hoses  which  contain 
wiring  protruded  from  the  ground  surface,  west  of  AREE  4.  TP-5  was  31  feet  long  and  exca¬ 
vated  to  a  depth  of  6  feet  bgs.  Two  samples  were  collected:  TP-5A  at  5.75  bgs  and  TP-5B 
at  ground  surface.  Debris  was  not  encountered  during  the  excavation  of  the  test  pit. 

•  TP-6  was  excavated  east  of  the  dirt  road  where  surficial  debris  was  located  in  three  seg¬ 
ments.  Segment  1  was  12  feet  long  and  excavated  to  a  depth  of  6  feet  bgs.  One  sample 
was  collected  at  5.6  feet  bgs.  Debris  was  not  encountered  during  the  excavation  of  the  test 
pit. 

•  TP-7  was  excavated  downgradient  of  geophysical  anomalies  identified  during  the  SI 
(USAEC,  1995).  TP-7  was  trenched  with  an  east/west  orientation;  was  21  feet  long,  and  was 
excavated  to  a  depth  of  6.5  feet  bgs.  Two  samples  were  collected:  TP-7A  at  the  surface  and 
TP-7B  at  6.66  feet  bgs.  Debris  was  not  encountered  during  the  excavation  of  the  test  pit. 

•  TP-8  was  excavated  east  of  TP-7  with  an  east/west  orientation.  TP-8  was  25  feet  long  and 
was  excavated  to  a  depth  of  8  feet  bgs.  Two  samples  were  collected:  TP-8A  at  8  feet  bgs 
and  TP-8B  at  6.5  feet  bgs.  Debris  was  not  encountered  during  the  excavation  of  the  test  pit. 

•  TP-9  was  excavated  in  two  segments.  Segment  1  was  trenched  parallel  to  and  southwest  of 
TP-8.  TP-9  was  15  feet  long  and  excavated  to  a  depth  of  7  feet  bgs.  One  sample  was  col¬ 
lected  in  duplicate,  TP-9A  at  7  feet  bgs.  Segment  2  was  parallel  to  and  southeast  of  TP-8. 
Segment  2  was  23  feet  long  and  excavated  to  a  depth  of  8  feet  bgs.  One  sample  (TP-9B) 
was  collected  at  8  feet  bgs.  Debris  was  not  encountered  during  the  excavation  of  the  test  pit. 

•  TP-10  was  trenched  west  of  TP-12.  TP-10  was  24  feet  long  and  excavated  to  a  depth  of  8 
feet  bgs.  Two  samples  were  collected:  TP-10A  at  8  feet  bgs  and  TP-1  OB  at  the  surface. 
Debris  was  not  encountered  during  the  excavation  of  the  test  pit. 

•  TP-1 1  was  trenched  south  of  the  road  where  rubber-coated  hoses  containing  wire  were  ob¬ 
served.  TP-1 1  was  20  feet  long  and  excavated  to  a  depth  of  7  feet  bgs.  Two  samples  were 
collected:  TP-11  A  at  7  feet  bgs  and  TP-1  IB  at  the  surface.  Debris  was  not  encountered 
during  the  excavation  of  the  test  pit. 

•  TP-12  was  trenched  in  four  segments  cutting  into  the  hillside  on  the  north  side  of  the  road. 
Segment  1  was  11  feet  long  by  7  feet  bgs.  One  sample,  TP-12B  was  collected  at  7  feet  bgs. 
Segment  2  was  12  feet  long  and  excavated  to  a  depth  of  7  feet  bgs.  No  sample  was  col¬ 
lected  from  segment  2.  Segment  3  was  1 1  feet  long  and  excavated  to  a  depth  of  7  feet  bgs. 
No  sample  was  collected  from  segment  3.  Segment  4  was  1 1  feet  long  and  excavated  to  a 
depth  of  7  feet  bgs.  One  sample,  TP-12A,  was  collected  at  the  surface.  Debris  was  not  en¬ 
countered  during  the  excavation  of  the  test  pit. 


DACA31-94-D-0064 
ESPS01-437 
November  1 997 


2-33 


Focused  Feasibility  Study 
for  Operable  Unit  One 
Final  Document 


Section  2.0 
Site  Background 


Summary  of  Results.  Aluminum  was  present  in  concentrations  slightly  exceeding  site 
background  maximum  concentrations  for  0-2  feet  (14,350  ng/g)  in  test  pit  samples  TP-1  OB 
(15,100  ^g/g),  TP-11B  (14,700  ^g/g),  and  TP-12A  (15,900  ^g/g).  TP-8B  (6.5  feet  bgs)  had  an 
aluminum  concentration  of  18,600  (xg/g,  which  is  slightly  above  the  WRF  site  background 
maximum  concentration  of  18,200  ^g/g  for  samples  collected  from  2  feet  bgs  to  the  water  table. 
Barium  was  detected  in  three  samples:  TP-8B  (222  pg/g),  TP-9B  (116  ng/g),  and  TP-1  IB  (103 
ixg/g),  all  of  which  exceeded  site  background  concentrations  of  92.4  pg/g  (site  background  level 
for  samples  collected  from  0-2  feet  bgs)  and  73.8  ^g/g  (site  background  level  for  samples 
collected  at  or  below  2  feet  bgs).  Beryllium  was  present  in  most  samples  and  exceeded  site 
background  concentrations,  with  a  maximum  detected  concentration  of  1.44  |ig/g  (TP-8B). 
Chromium  was  detected  in  seven  test  pit  samples,  all  exceeding  site  background  concentrations 
of  25.5  ^g/g  (0-2  feet  bgs)  and  31 .3  ^g/g  (2  feet  to  the  water  table).  Cobalt  was  present  in  three 
samples  exceeding  site  background  concentrations,  TP-8B  (15.3  pg/g),  TP-9B  (22.9  ng/g)  and 
TP-1  IB  (29.0  |xg/g).  Copper  was  detected  at  concentrations  exceeding  the  WRF  site 
background  concentration  of  12.6  pg/g  (0-2  feet  bgs)  and  16.9  pg/g  (subsurface  samples 
collected  below  2  feet  bgs)  in  five  soil  samples.  Iron  was  detected  in  four  samples  exceeding 
site  background  maximum  concentrations  of  28,100  pg/g  (0-2  feet  bgs),  and  27,800  (2  feet  to  the 
water  table).  The  concentration  range  of  samples  with  concentrations  above  site  background 
was  from  31,200  pg/g  to  36,700  pg/g.  Manganese  was  present  in  three  samples  (TP-8B,  TP-9B, 
and  TP-1  IB),  collected  at  the  surface  and  between  6  and  8  feet  bgs,  which  exceeded  site 
background  concentrations  for  surface  and  subsurface  soils.  The  maximum  concentration  was 
detected  in  TP-8B  and  was  5,250  pg/g.  Nickel  was  detected  in  three  samples  above  site 
background  concentrations  of  11.9  pg/g  (0-2  feet  bgs)  and  17.9  (2  feet  to  the  water  table). 
Potassium  was  detected  in  most  test  pit  samples  and  frequently  exceeded  site  background 
maximum  concentrations  of  936  pg/g  (0-2  feet  bgs)  and  624  pg/g  (2  feet  to  the  water  table). 
Sodium  was  detected  in  four  samples  above  site  background  maximum  concentrations  of  487 
pg/g  (0-2  feet  samples)  and  933  pg/g  in  samples  collected  from  2  feet  bgs  to  the  water  table. 
Vanadium  was  detected  in  eight  samples  slightly  exceeding  site  background  concentrations  of 
58.9  pg/g  (0-2  feet  bgs)  and  25.8  pg/g  (2  feet  to  the  water  table).  Inorganics  detected  in  test  pit 
samples  are  presented  in  Table  2-5.  Inorganics  present  in  test  pit  samples  above  background 
concentrations  are  presented  in  Figures  2-26  and  2-29. 

Organic  compounds  were  not  detected  above  RBC  concentrations  in  test  pit  samples  collected  in 
AREE  4  (results  are  presented  in  Table  2-5). 

2.13.2.4  Groundwater 

Three  monitoring  wells,  one  upgradient  (MW-64),  and  two  downgradient  (MW-66  and  MW-67), 
were  installed  around  the  previously  trenched  area  discussed  earlier.  An  additional  well,  MW-65,  was 
installed  upgradient,  approximately  200  feet  west  of  AREE  4.  These  wells  were  designed  to  evaluate 
upgradient  groundwater  quality  and  the  extent  of  groundwater  contamination  in  downgradient  areas  as¬ 
sociated  with  this  AREE.  Groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs, 
TAL  metals,  PAHs,  PCTs  (if  PCBs  were  detected),  and  TPH. 

Summary  of  Results.  Inorganics  were  detected  in  groundwater  samples  collected  from  AREE  4. 
Arsenic  was  detected  at  a  concentration  of  3.1  pg/L  in  the  sample  collected  from  MW-67; 
however,  the  concentration  did  not  exceed  the  site  background  maximum  concentration  of  6.70 
pg/L.  Cobalt  was  detected  at  concentrations  of  32.3  pg/L,  and  24.3  pg/L,  also  in  the  MW-67  and 
the  MW-67  Round  2  groundwater  sample.  The  site  background  maximum  concentration  is  non- 
detect  for  cobalt.  Iron  exceeded  the  site  background  maximum  concentration  (9,620  pg/L)  in  the 
sample  collected  from  MW-67  at  a  concentration  of  10,500  pg/L.  The  manganese  concentration 
for  the  sample  collected  from  MW-67  was  4,670  pg/L,  which  exceeded  the  site  background 
concentration  of  354  pg/L.  The  groundwater  sample  collected  from  MW-64  (490  pg/L)  also 
exceeded  site  background  concentrations.  Inorganic  sample  results  are  presented  in  Table  2-5. 

Several  inorganics  were  detected  at  concentrations  below  WRF  site  background  maximum 
concentrations  in  the  sample  collected  from  MW-65.  These  inorganics  are:  aluminum,  arsenic. 
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barium,  calcium,  chromium,  cobalt,  iron,  iead,  manganese,  nickel,  potassium,  sodium,  and  zinc. 
Only  two  inorganic  compounds,  magnesium  and  selenium,  were  detected  above  site  background 
concentrations.  Inorganic  compounds  detected  in  groundwater  samples  collected  from  OU1  are 
presented  in  Figure  2-31 . 

Organic  compounds  were  not  detected  in  groundwater  samples  collected  in  AREE  4. 

2.13.2.5  Surface  Water  Runoff 

Two  surface  water  runoff  samples  (SWR06  and  SWR07)  were  collected  from  topographical  low 
areas  that  receive  surface  water  runoff  from  AREE  4.  Surface  water  runoff  samples  were  analyzed  for 
TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs  (if  PCBs  were  detected). 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  in  SWR06:  aluminum 
(9780  ng/L):  barium  (78.2  pg/L);  cadmium  (0.2  pg/L);  calcium  (4,480  pg/L);  chromium  (14.0 
pg/L):  copper  (7.1  pg/L);  iron  (10,900  pg/L);  lead  (15.9  pg/L);  magnesium  (2,760  pg/L); 
manganese  (187  pg/L);  potassium  (3,280  pg/L);  sodium  (2,540  pg/L);  thallium  (0.1  pg/L); 
vanadium  (30.0  pg/L);  and  zinc  (42.5  pg/L).  Two  organic  compounds,  anthracene  and 

fluoranthene,  were  detected  in  SWR06  at  concentrations  of  0.485  pg/L  and  0.029  pg/L, 

respectively.  Inorganics  detected  above  background  concentrations  and  total  pesticides  and 
PAHs  detected  in  surface  water  runoff  samples  from  OU1  are  shown  in  Figures  2-36  and  2-37, 
respectively. 

Inorganic  compounds  and  their  detected  levels  for  SWR07  are  as  follows:  aluminum  (7,010 

pg/L):  barium  (138  pg/L);  cadmium  (0.5  pg/L);  calcium  (6,160  pg/L);  chromium  (11.5  pg/L); 

cobalt  (21.6  pg/L):  copper  (9.8  pg/L);  iron  (12,300  pg/L);  lead  (25.4  pg/L);  magnesium  (5,520 
pg/L):  manganese  (321  pg/L);  nickel  (19.3  pg/L);  potassium  (2,620  pg/L);  selenium  (2.3  pg/L); 
sodium  (13,600  pg/L);  thallium  (0.1  pg/L);  vanadium  (27.4  pg/L);  and  zinc  (112  pg/L).  Organic 
compounds  detected  in  SWR07  include  ODD  (0.010  pg/L);  DDT  (0.009  pg/L);  anthracene  (3.80 
pg/L):  fluoranthene  (0.044  pg/L);  and  pyrene  (0.214  pg/L). 

2.13.3  Discussion 

Metals  are  present  in  surface  soil  samples  collected  within  this  AREE.  As  mentioned  earlier, 
lead  was  detected  at  concentrations  exceeding  site  background  concentrations.  Lead  detected  in  this 
area  most  likely  resulted  from  surface  water  run-off  from  upgradient  areas  of  the  site  and  possibly  from 
leaching  from  debris  disposed  of  in  this  area.  The  surface  water  run-off  in  this  area  ultimately  discharges 
to  Marumsco  Creek. 

Subsurface  soii  samples  indicate  slight  metals  contamination  in  the  soil  boring  in  which  MW-64 
was  installed.  MW-64  is  located  just  outside  the  AREE  4  perimeter,  on  the  southeastern  side  of  the 
AREE.  Most  of  the  metals  detected  above  background  concentrations  were  detected  in  the  sample  col¬ 
lected  at  the  15  to  17  foot  interval,  which  is  within  the  screened  interval  for  this  well.  However,  metals 
concentrations  in  the  groundwater  sample  collected  from  MW-64  were  below  the  maximum  WRF  site 
background  concentrations,  with  the  exception  of  manganese.  There  is  a  silty  clay  to  clay  layer  present 
at  this  depth  (a  sandy  layer  is  directly  below  the  clay  in  which  the  screen  is  partially  set)  which  could  re¬ 
tard  metals  migration  into  the  groundwater.  Sodium  and  copper  were  detected  above  WRF  site  back¬ 
ground  maximum  concentrations  in  upgradient  shallow  soil  samples  and  magnesium  and  selenium  were 
detected  in  an  upgradient  groundwater  sample  (MW-65)  above  site  background  maximum  concentra¬ 
tions. 

Aluminum,  barium,  beryllium,  chromium,  cobalt,  copper,  iron,  lead,  magnesium,  nickel,  potas¬ 
sium,  sodium,  vanadium,  and  zinc  were  detected  at  concentrations  exceeding  site  background  maximum 
concentrations  in  test  pit  samples  (TP-5  through  TP-12).  The  test  pits  were  all  excavated  in  southern 
(topographically  and  potentiometrically  downgradient)  areas  of  AREE  4,  with  the  exception  of  TP-5, 
which  was  located  in  the  eastern  central  portion  of  AREE  4.  Metals  concentrations  in  TP-5  samples  were 
below  site  background  concentrations,  with  the  exception  of  calcium  and  vanadium,  detected  in  the  TP- 
5A  sample  collected  at  5.75  feet  bgs. 
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Inorganics  detected  in  groundwater  exceed  site  background  concentrations  most  frequently  in 
the  sample  collected  from  MW-67,  which  is  a  downgradient  well  for  AREE  4.  The  screened  interval  for 
this  well  is  set  partially  in  silt  and  clayey  silt,  partially  in  silty  sand,  and  partially  in  sand,  as  opposed  to 
predominantly  sand,  in  which  MW-66  is  set.  The  lower  concentrations  and  number  of  metals  detected  in 
MW-66  may  be  attributed  to  the  higher  permeability  and  the  lithology  in  which  the  well  is  screened.  This 
may  increase  metals  transport  via  this  zone  to  Marumsco  Creek. 

2.13.4  Conclusions 

Metals  which  slightly  exceed  background  levels  were  detected  in  surface  soil,  subsurface  soil, 
and  groundwater  in  AREE  4.  Heavy  metals  including  lead,  chromium,  copper,  nickel,  and  zinc,  detected 
in  groundwater  samples,  have  the  potential  to  impact  Marumsco  Creek,  as  groundwater  within  this  area 
generally  discharges  to  Marumsco  Creek. 

2.14  AREE  6B  -  FORMER  DUMP  NO.  SB  -  PREVIOUS  AND  CURRENT  INVESTIGATIONS 

AREE  6B  is  a  former  dump  located  at  the  intersection  of  Deephole  Point  Road  and  Shady  Road 
across  from  AREE  1 .  It  was  identified  based  on  ground  scars  and  soil  disturbances  illustrated  on  aerial 
photographs  for  the  facility  taken  in  the  1960s  and  1970s  which  were  reviewed  during  the  Preliminary 
Assessment  (USAEC,  1995). 

2.14.1  Site  Investigation,  1993 

The  USAEC  conducted  a  site  inspection  that  included  a  geophysical  survey  to  locate  subsurface 
anomalies,  a  trenching  program  within  suspected  dumping  areas  to  verify  the  existence  of  any  subsur¬ 
face  debris,  a  soil  sampling  program  from  within  the  trenches  where  debris  was  encountered.  Addition¬ 
ally,  direct  push  groundwater  samples  were  collected  from  the  location. 

Summary  of  Results.  Two  anomalies  were  identified  by  the  geophysical  survey  and  three 
trenches  (trenches  16-18)  were  excavated  to  investigate  the  anomalies.  Debris  was  not  found  in 
any  of  the  trenches.  No  soil  samples  were  collected  (USAEC,  1995c).  A  supplemental 
investigation  of  the  AREE  was  conducted  and  a  soil  boring  was  drilled  and  sampled.  Sample 
locations  from  previous  (and  current  Rl)  investigations  are  presented  in  Figure  2-24. 

TPH  was  detected  in  soil  samples  collected  from  soil  boring  06BH01  at  depths  of  0.5  to  1 .5  feet 
bgs  and  4.5  to  5.5  feet  bgs  at  concentrations  of  28  ^g/g  and  61.4  i^g/g,  respectively  (USAEC, 
1995c). 

2.14.2  Current  Investigation  Results  -  USAEC  Remedial  Investigation,  1995 

Sample  locations  for  soil  boring/monitoring  wells,  surface  soil  samples  and  test  pit  locations  for 
this  Rl  are  presented  in  Figure  2-24  and  a  summary  table  of  analytes  detected  in  samples  collected  in 
this  AREE  during  this  investigation  is  presented  as  Table  2-6.  Analytical  results  from  these  samples  are 
discussed  in  the  following  sections. 

2.14.2.1  Surface  Soil 

One  surface  soil  sample  was  collected  for  site  characterization  (RISS24)  and  analyzed  for  TCL 
VOCs,  TCL  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  TPH.  RISS24  was  collected  from  the 
north  central  portion  of  AREE  6B. 

Summary  of  Results.  The  following  inorganic  compounds  were  detected  at  concentrations 
exceeding  the  maximum  WRF  site  background  concentrations  in  RISS24:  aluminum  (15,400 
pg/g:  -  with  a  site  background  concentration  of  14,350  ng/g):  beryllium  (0.857  pg/g;  with  a  site 
background  concentration  of  0.814);  copper  (15.5  pg/g,  with  a  site  background  concentration  of 
12.6  pg/g):  iron  (37,300  pg/g,  with  a  site  background  concentration  of  28,100  pg/g):  and  selenium 
(17.8  pg/g,  with  a  site  background  concentration  of  14.2  pg/g).  Inorganics  detected  in  surface 
soil  samples  are  presented  in  Table  2-6.  Inorganics  detected  above  background  concentrations 
in  surface  soils  are  shown  on  Figure  2-26. 

Organics  were  not  present  above  detection  limits  in  the  surface  soil  sample. 
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2.14.2.2  Subsurface  Soil 

A  soil  boring/monitoring  well  MW-60  was  installed  upgradient  of  this  AREE  (which  is  also  upgra- 
dient  of  AREE  7)  to  evaluate  groundwater  quality  in  this  area.  Soil  boring/monitoring  well,  MW-75,  was 
installed  downgradient  from  AREEs  6B  and  AREE  7  to  evaluate  groundwater  quality  and  subsurface  soil 
conditions  in  this  area.  Boring  logs  and  monitoring  well  completion  diagrams  are  presented  in  Appendix 
A.  Subsurface  soil  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  and 
TPH. 

Summary  of  Results.  No  inorganic  compounds  were  detected  above  WRF  site  background 
concentrations  in  shallow  subsurface  soil  samples  collected  from  0-2  feet  bgs  in  AREE  6B.  Two 
inorganics  were  detected  at  concentrations  that  exceeded  or  equaled  the  WRF  site  background 
maximum  concentrations  in  subsurface  soil  samples  collected  from  MW-60;  calcium  was 
detected  in  the  20  feet  sample  (1,150  ng/g);  the  MW-75,  5-7  feet  sample  (700  ng/g);  and  in  the 
MW-75  duplicate,  5-7  feet  sample  (678  |ig/g).  The  site  background  maximum  concentration  for 
calcium  is  454  |ag/g.  Manganese  was  detected  in  the  35  feet  sample  from  MW-60  (1,020  ^ig/g  - 
the  site  background  maximum  concentration  for  manganese  is  617  pg/g).  Inorganics  detected  in 
shallow  soil  samples  (0-2  feet  bgs)  and  in  subsurface  soil  samples  collected  at  depths  greater 
than  2  feet  bgs  are  presented  in  Table  2-6.  Inorganics  detected  above  background 
concentrations  in  shallow  soil  samples  collected  in  OU1  are  presented  in  Figure  2-26.  Inorganic 
compounds  detected  in  subsurface  soil  samples  collected  at  depths  2  feet  bgs  or  greater  are 
shown  in  Figure  2-29. 

Organics  were  not  detected  in  soil  samples  collected  from  2  feet  bgs  to  the  water  table  above 
their  respective  RBC  values,  with  the  exception  of  benzo  (a)  pyrene,  detected  at  a  concentration 
of  0.24  ng/g  in  the  15-17  feet  sample  collected  from  MW-75.  The  WRF  site  background 
maximum  concentration  for  benzo(a)pyrene  is  0.088  ^g/g.  Organics  detected  in  subsurface  soil 
samples  from  depths  greater  than  2  feet  bgs  are  presented  in  Table  2-6.  Total  pesticides  and 
PAHs  detected  in  shallow  subsurface  soil  samples  (0-2  feet  bgs)  and  subsurface  soil  samples  (> 
2  feet  bgs)  are  presented  in  Figures  2-28  and  2-30,  respectively. 

2.14.2.3  Test  Pits 

Two  test  pits  were  excavated  within  AREE  6B  (TP-18  and  TP-19)  to  investigate  and  characterize 
metal  debris  found  in  an  area  west  of  Deephole  Point  Road.  A  test  pit  ^P-20)  was  excavated  in  AREE 
6B  east  of  Deephole  Point  Road  to  investigate  a  suspected  disposal  area  where  TPH  was  detected  dur¬ 
ing  the  1993  SI  (USAEC,  1995). 

•  TP-18  was  trenched  in  two  segments  west  of  Deephole  Point  road  where  there  was  visible 
debris.  Segment  1  was  13  feet  long  and  excavated  to  a  depth  of  8.5  feet  bgs  parallel  to  the 
road.  No  sample  was  collected  from  Segment  1.  Cable  boxes  and  wire  were  identified  dur¬ 
ing  the  excavation  of  segment  1 .  Segment  2  was  located  north  of  Segment  1  and  trenched 
perpendicular  to  Deephole  Point  Road.  Segment  2  was  21  feet  long  and  excavated  to  a 
depth  of  6.5  feet  bgs.  Two  samples  were  collected:  TP-18A  at  6.6  feet  bgs  and  TP-18B  at 
the  surface.  Samples  were  analyzed  for  TCL  VOCs,  TCL  SVOCs,  pesticides/PCBs,  TAL 
metals,  and  TPH.  If  PCBs  were  detected,  the  laboratory  was  instructed  to  analyze  for  PCTs. 

•  TP-19  was  trenched  south  of  TP-18  where  there  was  visible  debris  on  the  surface.  TP-19 
was  34  feet  long  and  excavated  to  a  depth  of  9.5  feet  bgs.  Two  samples  were  collected; 
TP-19A  at  8.3  feet  bgs  and  TP-19B  at  the  surface.  Samples  were  analyzed  for  TCL  VOCs, 
TCL  SVOCs,  pesticides/PCBs,  TAL  metals,  and  TPH.  If  PCBs  were  detected,  the  laboratory 
was  instructed  to  analyze  for  PCTs.  No  debris  was  identified  during  the  excavation  of  the 
test  pit. 

•  TP-20  was  trenched  east  of  Deephole  Point  Road.  The  test  pit  was  excavated  with  a  south¬ 
east/northwest  orientation  into  the  hillside.  TP-20  was  42  feet  long  and  excavated  to  a  depth 
of  7  feet  bgs.  Two  samples  were  collected:  TP-20A  at  5  feet  bgs  and  TP-20B  at  the  sur¬ 
face.  Samples  were  analyzed  for  TCL  VOCs,  TCL  SVOCs,  pesticides/PCBs,  TAL  metals. 
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and  TPH.  If  PCBs  were  detected,  the  laboratory  was  instructed  to  analyze  for  PCTs.  No  de¬ 
bris  was  identified  during  the  excavation  of  the  test  pit. 

Summary  of  Results.  Several  inorganics  were  detected  at  concentrations  that  exceeded  the 
WRF  site  background  maximum  concentrations  in  samples  collected  at  the  surface  (0-0.5  feet 
bgs).  These  compounds  include:  aluminum  in  TP-20B  (16,200,  with  a  site  background 
concentration  of  14,350  pg/g);  calcium  in  TP-19B  (1,280  pg/g,  with  a  site  background 
concentration  of  1,150  pg/g);  copper  in  TP-20B  (14.3  pg/g,  with  a  site  background  maximum 
concentration  of  12.6  pg/g):  magnesium  in  TP-20A  at  a  concentration  of  4,240  pg/g  (site 
background  =  3,700  pg/g),  and  nickel  (site  background  concentration  is  11.9  pg/g  from  0-2  feet 
bgs  and  17.9  pg/g  at  depths  2  feet  bgs  and  greater)  in  TP-20A  (19.00  pg/g).  Two  samples,  TP- 
20A  and  TP-20B,  had  potassium  concentrations  above  site  background  (0  feet  -  597  pg/g  and  2 
feet  -  936  pg/g).  These  samples  are  TP-20A  (1 ,1 90  pg/g)  and  TP-20B  (1 ,090  pg/g).  The  sodium 
concentration  in  TP-20B  (650  pg/g)  exceeded  the  WRF  site  background  maximum  concentration 
of  487  pg/g.  Vanadium  was  detected  at  a  concentration  of  40.4  pg/g  (TP-20A),  which  exceeded 
the  site  background  maximum  concentration  of  25.8  pg/g. 

Barium  exceeded  the  site  background  concentration  of  73.4  pg/g  in  TP-20A,  at  a  concentration 
of  74.0  pg/g. 

Copper  and  magnesium  exceeded  site  background  concentrations  of  12.6  pg/g  and  2,610  pg/g, 
respectively,  in  sample  TP-20A  (collected  at  5  feet  bgs).  The  copper  concentration  in  this  sample 
was  15.0  pg/g  and  the  magnesium  concentration  was  4,240  pg/g.  Inorganics  detected  in  test  pit 
samples  are  presented  in  Table  2-6.  Inorganics  detected  in  shallow  test  pit  samples  (0-2  feet 
bgs)  and  deeper  are  presented  in  Figures  2-26  and  2-29. 

VOCs  were  not  detected  above  Region  III  RBCs  in  test  pit  samples  collected  In  AREE  6B. 
Organic  compound  results  are  presented  in  Table  2-6.  PAHs  and  pesticides  detected  in  test  pit 
samples  are  presented  in  Figures  2-28  and  2-30. 

2.14.2.4  Groundwater 

One  well,  MW-60,  was  installed  east  of  AREE  6B  to  evaluate  groundwater  quality  upgradient  of 
AREE  6B  (this  well  is  also,  to  a  lesser  degree,  located  upgradient  of  AREE  7).  One  downgradient  moni¬ 
toring  well,  MW-75,  was  installed  in  the  extreme  western  portion  of  AREE  6B  to  evaluate  groundwater 
conditions  downgradient  of  AREE  6B.  Groundwater  samples  were  analyzed  for  TCL  VOCs,  TCL 
SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  TPH. 

Summary  of  Results.  Inorganic  compounds  were  not  detected  in  groundwater  samples  above 
WRF  site  background  maximum  concentrations.  Inorganic  compounds  detected  in  groundwater 
samples  are  presented  In  Table  2-6. 

The  following  organic  compounds  were  detected  in  the  sample  collected  from  MW-60  during  the 
first  round  of  groundwater  sampling  (Winter,  1995)  at  low  concentrations:  2-methylnapthalene 
(2.48  t^g/L);  DDE  (0.024  pg/L),  DDT  (0.019  pg/L),  endosulfan  sulfate  (0.027  pg/L),  Endosulfan  II 
(0.021  pg/L),  fluoranthene  (0.034  pg/L),  gamma-chlordane  (0.008  pg/L),  and  heptachlor  epoxide 
(0.088  pg/L).  Of  these  compounds,  none  were  detected  during  the  Phase  I  second  round  of 
sampling  (March,  1996)  or  in  the  Phase  II  round  of  sampling  (Summer,  1996).  Organics 
detected  in  groundwater  samples  are  presented  in  Table  2-6.  Total  pesticides  and  PAHs 
detected  in  groundwater  samples  are  shown  in  Figure  2-32. 

Organic  compounds  were  not  detected  in  the  groundwater  sample  collected  from  MW-75  in  the 
first  round  of  groundwater  sampling;  however,  DDD  was  detected  at  a  concentration  of  0.006 
pg/L  in  the  second  round  of  sampling  (Fall,  1996).  No  additional  organic  compounds  were 
detected  in  groundwater  samples  collected  from  this  well. 

2.14.3  Discussion 

Aluminum,  beryllium,  copper,  iron,  and  selenium  were  detected  at  concentrations  exceeding 
WRF  site  background  maximum  concentrations  in  a  surface  soil  sample  collected  approximately  100 
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feet  east  of  Deephole  Point  Road.  Some  inorganics  (calcium  and  manganese)  were  detected  above 
background  concentrations  in  soil  samples  collected  from  0  feet  to  35  feet  bgs  from  MW-60.  Based  on 
soil  lithologies  described  during  drilling,  MW-60  is  located  in  a  stiff  clay  zone,  from  ground  surface  to 
approximately  18  feet  bgs,  where  a  silty  sand  was  encountered.  These  levels  are  most  likely  naturally 
occurring  and  not  related  to  past  land  use  or  surface  water/groundwater  chemical  transport.  Inorganics 
are  also  present  in  levels  slightly  exceeding  background  concentrations  in  test  pit  samples  in  this  AREE, 
the  most  significant  metals  being  aluminum,  chromium,  copper,  nickel,  and  vanadium.  The  fact  that  in¬ 
organics  were  not  detected  above  background  concentrations  in  groundwater  samples  confirms  that  most 
of  the  metals  concentrations  above  background  are  most  likely  naturally-occurring. 

Pesticides  were  detected  in  groundwater  collected  from  MW-60.  Pesticides  were  not  detected 
during  the  second  round  of  groundwater  sampling  and  were  not  detected  during  Phase  II  sampling.  MW- 
60  was  originally  planned  to  be  a  potentiometrically  upgradient  well  for  this  area;  however,  based  on  hy¬ 
drogeologic  data  (L-L’),  it  appears  to  be  slightly  downgradient  of  AREE  6B,  relative  to  MW-79  and  MW- 
76.  However,  the  tidal  effects  on  groundwater  have  not  been  evaluated  for  this  area;  therefore,  the  tidal 
influences  on  chemical  concentrations  cannot  be  evaluated  at  this  time,  nor  can  the  upgradient  and 
downgradient  locations.  The  source  for  the  PAHs  and  pesticides  remains  unknown  at  this  time. 

2.14.4  Conclusions 

Metals  concentrations  exceeding  WRF  site  background  maximum  concentrations  are  present  in 
surface  and  subsurface  soil  in  AREE  6B. 

Inorganics  were  not  detected  above  site  background  maximum  concentrations  in  groundwater 
samples  collected  from  wells  in  this  area.  Based  on  risk  assessment  data,  lead  presents  the  greatest 
ecological  risk.  Lead  was  present  at  concentrations  slightly  below  site  background  levels  in  surface  and 
subsurface  soils. 

Organic  compounds  presenting  the  greatest  human  health  risk  include  benzo(a)pyrene, 
benzo(b)fluoranthene,  DDT,  fluoranthene,  and  methoxychlor.  These  compounds  are  present  in  low  lev¬ 
els  in  groundwater  analyzed  from  shallow  groundwater  east  of  the  perimeter  of  the  AREE,  but  are  not 
present  in  the  extreme  western  portion  of  the  AREE,  based  on  analytical  results  from  MW-75. 

2.15  AREE  7  (FORMER  PISTOL  RANGE)  -  PREVIOUS  AND  CURRENT  INVESTIGATIONS 

AREE  7  is  a  former  pistol  range  located  at  the  intersection  of  Deephole  Point  Road  and  Shady 
Lane.  The  range  was  used  for  small  arms  firing  on  a  semi-annual  basis  during  the  1970's. 

2.15.1  USAEC  Site  Investigation,  1993  - 1994 

After  site  reconnaissance,  a  5  foot  by  5  foot  area  was  excavated  to  a  depth  of  5  feet  and  a  sub¬ 
surface  soil  investigation  and  a  soil  boring  sampling  program  was  implemented.  The  soil  samples  were 
collected  and  analyzed  for  metals  (USAEC,  1995c). 

Summary  of  Results.  The  soil  sample  (7EX0101)  collected  from  the  excavation  contained 
concentrations  of  aluminum,  beryllium,  calcium,  chromium,  cobalt,  copper,  lead,  manganese, 
nickel,  potassium,  sodium,  vanadium,  and  zinc  above  background  levels.  One  spent  bullet  was 
found  In  soil  boring  07BH01  at  a  depth  of  1.5  feet  bgs  and  one  shell  casing  was  found  in 
borehole  07BH04  at  an  approximate  depth  of  1  foot  bgs.  The  analytes  aluminum,  arsenic, 
barium,  beryllium,  calcium,  chromium,  cobalt,  copper,  lead,  magnesium,  manganese,  nickel, 
potassium,  sodium,  vanadium,  and  zinc  were  detected  in  concentrations  above  background 
levels  (USAEC,  1995c).  The  former  SI  sample  locations  from  the  SI  and  surface  soil  sample 
locations  for  this  Rl  are  presented  on  Figure  2-24. 

2.15.2  Current  Investigation  Results  •  USAEC  Remedial  Investigation,  1995 

Sample  locations  for  the  surface  soil  sample  and  the  soil  boring  drilled  (later  converted  to  a 
monitoring  well)  to  assess  AREE  7  are  presented  in  Figure  2-24.  A  summary  table  of  detected  analytes 
as  a  result  of  this  investigation  is  presented  in  Table  2-7. 
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2.15.2.1  Surface  Soil 

One  surface  soil  sample  (RISS25)  was  collected  in  AREE  7  to  evaluate  possible  surface  soil 
contamination.  This  sample  was  collected  near  the  western  (downgradient)  edge  of  AREE  7. 

Summary  of  Results.  Potassium  exceeded  the  site  background  concentration  of  597  pg/g.  All 
remaining  inorganics  were  below  WRF  site  background  maximum  concentrations.  Inorganics 
detected  in  surface  soil  samples  are  presented  in  Table  2-7.  Inorganics  detected  above 
background  concentrations  for  OU1  are  shown  in  Figure  2-26. 

Organics  were  not  detected  in  RISS25  above  USEPA  Region  III  residential  RBCs. 

2.15.2.2  Subsurface  Soil 

One  soil  boring,  MW-59  (which  was  later  converted  to  a  monitoring  well),  was  drilled  in  AREE  7 
to  assess  subsurface  conditions.  Boring  logs  and  monitoring  well  completion  diagrams  are  presented  in 
Appendix  B.  Subsurface  soil  samples  collected  from  these  borings  were  analyzed  for  TCL  VOCs,  TCL 
SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  TPH. 

Summary  of  Results.  Inorganics  were  not  detected  at  concentrations  exceeding  site  background 
concentrations  from  shallow  soil  samples  (0-2  ft)  collected  from  the  MW-59  soil  boring. 
Inorganics  detected  in  shallow  subsurface  soils  are  presented  in  Table  2-7. 

Two  subsurface  soil  samples  were  collected  from  boring  MW-59,  at  depths  of  25  feet  and  29  feet 
bgs,  respectively.  Inorganics  were  not  detected  above  site  background  maximum 
concentrations.  Inorganic  compounds  detected  in  subsurface  soil  samples  from  depths  in  excess 
of  2  feet  bgs  are  presented  in  Table  2-7. 

Organics,  pesticides/PCBs,  PAHs,  and  TPH  were  not  detected  in  subsurface  soil  samples. 

2.15.2.3  Groundwater 

One  monitoring  well,  MW-59,  was  installed  at  AREE  7  to  evaluate  groundwater  quality  within  this 
AREE.  Groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals, 
PAHs,  and  TPH. 

Summary  of  Results.  Inorganic  compounds  were  detected  well  below  site  background  maximum 
concentrations  for  the  groundwater  sample  collected  from  MW-59.  Inorganic  compounds 
detected  in  groundwater  samples  collected  in  AREE  7  are  presented  in  Table  2-7. 

No  organic  compounds  were  detected  in  the  groundwater  sample  collected  from  MW-59. 

2.15.3  Discussion 

Inorganics  were  detected  in  surface,  shallow  soil  samples  (0-2  feet  bgs),  and  subsurface  soil 
samples  at  concentrations  below  site  background  levels,  with  the  exception  of  RISS25,  in  which  potas¬ 
sium  was  detected  at  a  concentration  of  1 ,1 10  ^ig/g  (exceeding  the  RBC  for  potassium  in  surface  soils  of 
936  pg/g). 

Inorganics  were  detected  at  levels  below  background  concentrations  in  groundwater  samples 
collected  from  this  AREE. 

No  organics  were  detected  in  surface  soil,  subsurface  soils,  or  groundwater  samples  collected 
from  AREE  7. 

2.15.4  Conclusions 

Inorganic  and  organic  compounds  were  not  present  above  maximum  WRF  site  background  con¬ 
centrations  or  RBCs  in  soil  samples  (with  the  exception  of  potassium)  or  groundwater  samples  collected 
from  this  AREE. 
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Table  2-1 

Summary  of  Rl  Results  for  OU1  Background 


Mi^ea  Sanr^leE^ 

{dumber  of  Samples 

Compounds/Anatytes 

D^«(^a1idvaLOC^ 

Summary  of  Fate 
Tffl«spoff 

Surface  Soil 

6 

None 

infiltration/percolation  through 
soil  to  groundwater 

Stormwater  runoff  to  surface 
water/sediments 

Subsurface  Soil 
(0-  to  2-fl  bgs) 

3 

None 

Subsurface  Soil 
(2-ft  bgs  to  water  table) 

4 

None 

Groundwater 

Round  1  -  4 
Round  2  -  5 

TPH  as  gas,  TPH  as 
Diesel 

Discharge  to  surface  water 

Sediment 

6 

None 

Leaching  to  surface  water 

Surface  Water 

6 

None 

Uptake  into  aquatic  plants 
and  animals 

Surface  soil,  subsurface  soil,  test  pit,  and  groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals, 
and  PCTs.  Surface  soil  and  groundwater  samples  were  also  analyzed  for  PAHs. 

Duplicates  are  included  in  this  number. 

LOG  -  Level  of  Concern.  Refers  to  either  the  WRF  site  background  maximum  concentrations  for  inorganics  detected  in  alt  media  or 
USEPA  Region  III  residential  risk-based  concentrations  for  organics  detected  in  all  media. 


Table  2-1  (Continued) 

Inorganic  Compounds  Detected  in  Background  Surface  Soil  Samples 


Santpte  )D 

14,600 

RIBKSS1D 

14,100 

R1BKSS2 

6,550 

8,600 

RIBKSS4 

6,810 

RIBKSS5 

10,900 

Atsente 

{»my 


<40 

0.694 

<100 

26.7 

6.46 

<40 

0.576 

<100 

24.2 

6.32 

<40 

0.364 

486 

9.72 

12.7 

67 

0.712 

918 

18.4 

9.77 

<40 

<0.2 

764 

14.5 

6.83 

73.4 

0.785 

1,020 

22.8 

12 

Samptei  10 

If 

If 

lead 

Magnesiunn 

wai) 

Manganese 

RIBKSS1 

7.77 

23.900 

17.2 

1,290 

119 

RIBKSS1D 

7.11 

22,200 

15 

1,260 

104 

RIBKSS2 

4.83 

10,200 

<7.5 

881 

412 

RIBKSS3 

12.6 

21,900 

18 

1,340 

513 

RIBKSS4 

5.72 

12,700 

15.5 

1,250 

266 

RIBKSS5 

8.7 

18,200 

22.4 

1,700 

677 

Sanpte  10 

fDfetssiufn 

S^anium 

Sodium 

Vanacfium 

Sno 

:: : 

RIBKSS1 

7.42 

567 

<10 

384 

47 

33.1 

RIBKSS1D 

7.59 

527 

<10 

391 

43.4 

31.4 

RIBKSS2 

3.87 

413 

<10 

380 

20.6 

14.8 

RIBKSS3 

8.17 

546 

14.2 

467 

47.1 

33.5 

RIBKSS4 

5.21 

358 

<10 

483 

30.8 

24.7 

R1BKSS5 

8.98 

597 

<10 

487 

43 

40.4 

Table  2-1  (Continued) 

Organic  Compounds  Detected  in  Background  Surface  Soil  Samples 


ID 

Wfl) 

Fluotan^ene 

WS) 

fncteno(1,2,S^) 

pyi^e 

(Hg/g> 

Phenanthrefife 

1^ 

RIBKSS1 

0.001 

0.006 

0.003 

<0.01 

0.341 

<0.007 

RIBKSS1D 

0.001 

0.005 

0.003 

<0.01 

0.347 

<0.007 

0.002 

0.006 

0.008 

<0.01 

0.042 

0.009 

RIBKSS3 

0.005 

0.018 

0.009 

<0.01 

<0.033 

0.017 

RIBKSS4 

0.004 

0.01 

0.01 

<0.01 

<0.033 

0.019 

RIBKSS5 

0.005 

0.012 

0.008 

0.02 

<0.033 

0.023 

Table  2-1  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  Background  Locations 


Table  2-1  (Continued) 

Organics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  Background  Locations 


Table  2-1  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table) 
Collected  in  Background  Locations 


SEsnpte  ID 


•  De^bgs 
(ft) 

Abnnmom 

Banum 

Be^Kutn 

Calcitjm 

10 

5,710 

54.6 

0.504 

800 

17.5 

17 

2,000 

<40.0 

<0.200 

562 

3.66 

10 

6,180 

93.0 

0.938 

911 

19.9 

10 

2,660 

<40.0 

<0.200 

113 

4.24 

30 

2,790 

<40.0 

<0.200 

148 

6.21 

5 

18,200 

67.4 

1.02 

454 

25.0 

10 

7,090 

<40.0 

0.346 

265 

11.7 

MW-52  DUP 


{39ptt]f|?ga 

Oabgft 

Capper 

tron 

lea4 

Magneswm 

(«) 

(pg'g) 

(pg/g) 

(ra/g) 

: 

10 

11.1 

14.7 

11,300 

<7.50 

2,870 

161 

17 

7.70 

3.96 

6,100 

<7.50 

768 

145 

10 

6.71 

19.1 

8,750 

11.0 

3,280 

75.9 

10 

<2.00 

1.52 

4,050 

<7.50 

366 

51.8 

30 

<2.00 

2.30 

2,490 

<7.50 

405 

32.8 

5 

13.9 

14.0 

27,800 

11.8 

3,700 

617 

10 

4.56 

5.54 

9,170 

<7.50 

1,670 

100 

Sample  10 


SOTEIpte  ID 

if 

Potassfum 

<PB''g) 

Sodium 

Vanatftum 

Zm 

(»9fa) 

MW.52 

10 

14.9 

462 

927 

22.8 

36.9 

17 

4.40 

135 

600 

10.2 

14.5 

10 

20.9 

480 

939 

28.7 

55.6 

MW-53 

10 

<2.00 

184 

320 

6.92 

5.45 

30 

<2.00 

148 

373 

6.90 

<5.00 

MW-54 

5 

12.5 

624 

446 

60.3 

38.3 

10 

5.41 

351 

361 

20.3 

17.6 

Table  2-1  (Continued) 

Inorganics  Detected  In  Background  Groundwater  Samples 

Round  1  &  2 


Ssffnpte  ID 

Atummom 

I  Arsenic 

inm 

Barium 

Cadmium 

Calcium 

Chromium 

CobsA 

I  Round  1 

MW-52 

94.8 

<1.0 

107 

<0.1 

9,680 

<10.0 

<20.0 

MW-53 

12,500 

1.1 

74.9 

0.8 

5,450 

22.3 

<20.0 

117 

<1.0 

<25.0 

0.1 

2,250 

<10.0 

<20.0 

I  MW-63 

635 

1.6 

30.8 

<0.1 

24,300 

<10.0 

<20.0 

I  Round  2  I 

234 

<1.0 

98 

<0.1 

8,090 

<10.0 

<20.0 

MW-53 

293 

<1 .0 

51.1 

<0.1 

5,420 

<10.0 

<20.0 

MW-54 

144 

<1.0 

<25.0 

0.3 

2,400 

<10.0 

<20.0 

MW-63 

780 

6.9 

30.3 

<0.1 

42,800 

<10.0 

<20.0 

MW-63  Dup 

514 

6.5 

27.2 

0.2 

41,600 

<10.0 

<20.0 

SfflTiptelO 

Cotter 

(rot? 

tea<i 

fctegneslwm 

Mangapesa 

NicKal 

f^tassjum 

(M8^> 

i 

1 

4*g/L)  I 

1  Round  1 

<5.0 

159 

<1.0 

6,030 

60.8 

18.4 

1,450 

MW-53 

8.9 

9,620 

6.3 

6,830 

354 

<15.0 

6,490 

MW-54 

<5.0 

194 

<1.0 

1,810 

47.2 

<15.0 

<550 

MW-63 

<5.0 

433 

<1.0 

3,580 

12.0 

<15.0 

14,000 

1  Round  2  1 

MW-52 

<5.0 

455 

<1 .0 

5,940 

48.4 

<15.0 

1,360 

<5.0 

179 

<1.0 

7,720 

18.9 

<15.0 

8,190 

MW-54 

<5.0 

196 

<1.0 

2,020 

35.2 

<15.0 

744 

MW-63 

<5.0 

532 

<1.0 

225 

10.8 

<15.0 

20,900 

MW-63  Dup 

<5.0 

209 

1.2 

157 

<5.0 

<15.0 

20,300 

Table  2-1  (Continued) 

Inorganics  Detected  In  Background  Groundwater  Samples 

Round  1  &  2 


SamptelD  Sefenium  Sodhinn  Thalfium  V^Emadium  .  Zinc 

(jiSfl.)  (j/g/L)  (ng/L)  W 


MW-63  2.7  41,300  <0.1  12.3  <20.0 

Round  2 


MW-52 

<2.0 

23,600 

<0.1 

<10.0 

20.3 

MW-53 

<2.0 

6,850 

<0.1 

<10.0 

<20.0 

MW-54 

<2.0 

5,720 

<0.1 

<10.0 

<20.0 

MW-63 

<2.0 

44,300 

<0.1 

31.4 

<20.0 

MW-63  Dup 

<2.0 

42,700 

<0.1 

28.2 

<20.0 

Table  2-1  (Continued) 

Organics  Detected  In  Background  Groundwater  Samples 
Round  1  &  2 


Samfde  ID 

1  "Methyl 

napiMliajf^iene 

(wgA.) 

Acena|)hthene 

(Mfl.) 

AoeOdphtf^ene  i 

Antfiracene 

BHC.S 

(H0^) 

1  Round  1  I 

H^|||||[|| 

<2.00 

<2.00 

<2.00 

<2.00 

0.113 

<0.005 

MW-53 

<2.00 

<2.00 

<2.00 

<2.00 

<0.100 

<0.005 

MW-54 

<2.00 

<2.00 

<2.00 

<2.00 

<0.100 

<0.005 

119 

80.5 

11.0 

6.34 

<0.100 

<0.005 

I  Round  2  I 

I  MW-52 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-54 

ND 

ND 

ND 

ND 

ND 

ND 

MW-63 

101 

79.3 

4.17 

3.01 

2.00 

0.017 

MW-63DUP 

ND 

78.8 

8.27 

ND 

ND 

ND 

Sanipte  ID  | 

SHC,<3 . 
(Ltoddltd) 

W  ; 

Dteldrln  ■ 
(MgflL) 

Oimefh;^ 

plhalate 

[  Endcxsulfdn^  B 

1  m-) 

Endasulfan  1 

1 

1 

EncWn 

im) 

1  Round  1  1 

MW-52 

<0.005 

<0.005 

<2.0 

<0.005 

0.146 

<0.005 

MW-53 

<0.005 

<0.005 

<2.0 

<0.005 

<0.005 

<0.005 

MW-54 

<0.005 

<0.005 

<2.0 

<0.005 

<0.005 

<0.005 

MW.63 

<0.005 

<0.005 

<2.0 

0.021 

0.027 

0.022 

1  Round  2  1 

ND 

ND 

ND 

ND 

0.138 

ND 

MW-53 

ND 

ND 

ND 

ND 

ND 

ND 

MW-54 

ND 

ND 

ND 

ND 

ND 

ND 

MW-63 

0.098 

0.026 

ND 

ND 

0.019 

ND 

MW-63DUP 

ND 

0.018 

3.90 

ND 

ND 

ND 

Table  2-1  (Continued) 

Organics  Detected  In  Background  Groundwater  Samples 
Round  1  &  2 


Satntidd  ID 

£thvjb«t!iZ6oe 

I  w 

[  (W 

i  Ph«[ndh^r6ne( 

II 

1  Round  1 

MW-52 

<2.0 

<2.0 

<2.0 

<0.005 

<2.0 

<2.0 

<2.0 

MW-53 

<2.0 

<2.0 

<2.0 

<0.005 

<2.0 

<2.0 

<2.0 

MW-54 

<2.0 

<2.0 

<2.0 

<0.005 

<2.0 

<2.0 

<2.0 

MW-63 

13 

0.063 

3.2 

<0.005 

30 

8.69 

0.158 

Round  2  I 

MW-52 

<2.0 

<0.020 

<0.500 

<0.005 

<2.00 

<0.500 

<0.100 

MW-53 

<2.0 

<0.020 

<0.500 

<0.005 

<2.00 

<0.500 

<0.100 

MW-54 

<2.0 

<0.020 

<0.500 

<0.005 

<2.00 

<0.500 

<0.100 

MW-63 

5.30 

0.069 

1.87 

<0.005 

18.0 

6.43 

0.162 

MW-63DUP 

5.20 

0.069 

2.01 

0.011 

15.2 

6.35 

0.137 

Sample  ID 

Toluene 

I  TPW,AsD«si^ 

TPW^  AsGas 

Xytenes 

wg  • 

1  Round  1 

MW-52 

<2.0 

<400 

<400 

<10.0 

MW-53 

<2.0 

<400 

<400 

<10.0 

MW-54 

<2.0 

<400 

<400 

<10.0 

MW-63 

5.2 

900 

740 

54 

1  Round  2  1 

MW-52 

<2.0 

<400 

<400 

<10.0 

MW-53 

<2.0 

<400 

<400 

<10.0 

MW-54 

<2.0 

<400 

<400 

<10.0 

MW-63 

2.30 

1,140 

558 

32.0 

MW-63DUP 

2.10 

1,130 

538 

31 .0 

Table  2-1  (Continued) 

Inorganic  Compounds  Detected  in  Background  Sediment  Samples  collected  from 

Mason  Neck  Wildlife  Refuge 


Sample  !D 

Aluminum  : 

W§}  i 

Aniftnony 

Safium 

BefytSum 

tm) 

Cadmium 

(my 

Cafcuim  : 

CIJFamiuR) 

Cobait 

RISDBK1 

14,300 

<7.50 

<0.30 

175 

1.26 

<0.50 

6,000 

29.9 

20.7 

RiSDBK2 

13,100 

<7.50 

<0.30 

<40.0 

1.11 

<0.50 

4,760 

26.0 

16.1 

RISDBK3 

16,900 

<7.50 

<0.30 

<40.0 

1.38 

<0.50 

5,070 

33.7 

21 .4 

11,700 

<7.50 

<0.30 

<40.0 

1.06 

<0.50 

3,410 

24.6 

14.8 

RISDBK4 

15,200 

<7.50 

<0.30 

<40.0 

1.08 

<0.50 

5,990 

30.1 

18.0 

RISDBK5 

10,500 

<7.50 

<0.30 

<40.0 

0.989 

<0.50 

5,140 

21.6 

14.6 

Sample  ID 

Ccqjper 

froR 

If 

(vsM 

Manganese 

Mercuiy 

(Mg/g> 

Mtctei 

(m>9y 

PcAas^um 

(i^/g> 

Selenium 

(ra*i> 

R1SDBK1 

40.6 

34,200 

42.2 

3,450 

1,690 

<0.10 

30.0 

1,850 

<10.0 

R1SDBK2 

33.3 

30,000 

30.6 

2,810 

1,470 

<0.10 

22.4 

1,730 

<10.0 

RISDBK3 

44.4 

36,500 

41.8 

3,740 

1,220 

<0.10 

30.3 

2,090 

<10.0 

RISDBK3D 

34.0 

23,600 

<7.50 

2,740 

603 

<0.10 

21.6 

1,550 

<10.0 

41.8 

32,300 

<7.50 

3,470 

1,220 

<0.10 

26.9 

2,120 

<10.0 

RISDBK5 

29.8 

26,100 

29 

2,470 

1,580 

<0.10 

19.3 

1,450 

<10.0 

Sample  10 

SfVa* 

Sodium 

(pg/g) 

Tballiom 

(M3/9} 

Vanadium 

<i«/g) 

(PS^S) 

RISDBK1 

<0.50 

1,130 

<20.0 

51.5 

139 

RISDBK2 

<0.50 

1,240 

<20.0 

41.6 

133 

RISDBK3 

<0.50 

1,440 

<20.0 

54.1 

168 

<0.50 

1,200 

<20.0 

39.6 

128 

RISDBK4 

<0.50 

1,710 

<20.0 

52.5 

157 

RISDBK5 

<0.50 

932 

<20.0 

35.5 

114 

Table  2-1  (Continued) 

Organics  Detected  in  Background  Sediment  Samples 
Collected  from  Mason  Neck  Wildlife  Refuge 


Sample  IP 

oapntfiaterie 

(f^g} 

Ai!d:hracene 

6en2o(e) 

eotbracene 

inafs) 

Benze(a)pyrerte 

wg) 

Be(«o{b) 
Ifawanthene 
.  (PSJi's) 

Si»rt2d(g.h,i) 

petylene 

W9) 

R1SDBK1 

<0.133 

<0.133 

<0.007 

0.021 

0.029 

0.061 

0.053 

RISDBK2 

<0.133 

0.919 

0.145 

0.031 

0.048 

<0.033 

<0.007 

0.93 

<0.133 

0.173 

0.034 

0.053 

<0.133 

0.09 

RISDBK3  D 

1.14 

1.27 

0.164 

0.027 

0.05 

<0.133 

0.07 

RISDBK4 

<0.133 

<0.133 

0.108 

0.027 

0.048 

0.083 

0.046 

0.498 

'  <0.133 

0.11 

0.028 

0.028 

<0.033 

0.070 

Table  2-1  (Continued) 

Inorganic  Compounds  Detected  in  Background  Surface  Water  Samples  collected  from 

Mason  Neck  Wildlife  Refuge 


Alummurn 

Arsenic  I 

: 

Anfintony 

Barium 

WL) 

BefytKum 

Cadmium 

i  Cateuim 

Chromium 

WL) 

CobaS 

RISDBK1 

1,860 

1.4 

<1.0 

41.8 

<5.0 

<1.0 

18,800 

<10.0 

<20.0 

RISDBK2 

1,840 

<1.0 

<1.0 

41.3 

<5.0 

<1.0 

19,300 

10.8 

<20.0 

RISDBK3 

1,440 

<1.0 

<1.0 

36.9 

<5.0 

<1.0 

20,400 

<10.0 

<20.0 

R1SDBK3D 

1,160 

<1.0 

<1.0 

38.5 

<5.0 

<1.0 

21,700 

<10.0 

<20.0 

1,230 

<1.0 

<1.0 

40.4 

<5.0 

<1.0 

22,200 

<10.0 

<20.0 

RISDBK5 

1,930 

<1.0 

<1.0 

40.6 

<5.0 

<1.0 

19,000 

<10.0 

<20.0 

Smpla  ID 

Copper 
(tmH)  . 

iron 

iesd  : 
(PS't.)  ; 

M^nesium 

Manganese 

Mercuty 

MicKel 

(WJift-) 

(f«^> 

Setertum 

(pg4> 

RISDBK1 

<5.0 

2,460 

1.6 

6,120 

236 

<0.20 

<15 

3,350 

<2.0 

RISDBK2 

<5.0 

2,500 

1.9 

6,100 

196 

<0.20 

<15 

3,670 

<2.0 

IQgQIgllllll 

<5.0 

1,810 

1.3 

6,350 

159 

<0.20 

<15 

3,490 

<2.0 

RISDBK3D 

<5.0 

2,000 

1.3 

6,880 

226 

<0.20 

<15 

2,990 

<2.0 

<5.0 

2,020 

1.4 

7,500 

303 

<0.20 

<15 

2,870 

<2.0 

RISDBK5 

<5.0 

2,510 

1.9 

5,970 

176 

<0.20 

<15 

3,300 

<2.0 

Sampfe  10 

Sitter 

Sodium 

Thulium 

Vanadfutn 

Zfric 

Cpgfl.) 

(pg/i.) 

RISDBK1 

<5.0 

13,000 

<0.1 

<10.0 

<20.0 

RISDBK2 

<5.0 

12,900 

<0.1 

<10.0 

<20.0 

RISDBK3 

<5.0 

13,100 

<0.1 

<10.0 

<20.0 

RISDBK3D 

<5.0 

14,300 

<0.1 

<10.0 

<20.0 

RISDBK4 

<5.0 

16,500 

<0.1 

<10.0 

<20.0 

RISDBK5 

<5.0 

12,500 

<0.1 

<10.0 

<20.0 

Table  2-2 


Summary  of  Rl  Results  for  AREE  1  -  Former  Dump  No.  1 


Media  Sampled* 

Nun^KT  of  Samples 

Gompounds/Ana^es  Directed 
atxyve  LOG^. 

Stffnroary  Fate  &  T raraaport 

Surface  Soil 

8 

Ai,  Be,  Ca,  Cr,  Cu,  Co,  Fe, 

Pb.  Hg,K,Na.  Zn 

benzo(a)anthrancene, 
benzo(a)pyrene, 
benzo(b)fluoranthene, 
benzo(a,h)anthrancene, 
jndeno(1 ,2,3-cd)pyrene, 

PCB-1260 

Infittration/percolation  through  soil 
to  groundwater 

Stormwater  runoff  to  surface 
water/sediments 

Subsurface  Soil 
(0-to2-flbgs) 

6 

Ba,  Be,  Ca,  Cr,  Co,  Hg,  Pb,  Mg, 

Nl,  K,  Na.  V,  Zn 

PCB-1260 

Subsurface  Soil 
(2-ft  bgs  to  water  table) 

10 

Be,  Ca,  Co,  Pb,  V 

PCB-1260 

Test  Pits 

5 

Ba,  Ca,  Fe.  Pb.  K.  V 

Groundwater 

Round  1-11 

Round  2-5 

AI,  Ba,  Ca.  Cr,  Co,  Cu.  Fe,  Pb, 

Mg,  Mn,  Ni,  Se, 

Tl,  V.  Zn 

Discharge  to  surface  water 

Sediment 

8 

Ag,  Co,  Cr,  Fe,  Na,  V,  Zn, 

PCB-1260 

Leaching  to  surface  water 

Surface  Water 

8 

AI,  Ba.  Cr,  Cu,  Fe,  Pb,  Mn.  K,  V, 
Zn 

Uptake  into  aquatic  plants  and 

1  animats 

Surface  Water  Runoff 

5 

None 

Overland  flow 

Surface  soil,  subsurface  soil,  test  pit,  and  groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PC Bs,  TAL 
metals,  and  PCTs.  Surface  soil  and  groundwater  samples  were  also  analyzed  for  PAHs. 

LOG  -  Level  of  Concern:  Refers  to  either  the  WRF  site  background  maximum  concentrations  for  Inorganics  detected  in  all 
media  or  USEPA  Region  III  residential  risk-based  concentrations  for  organics  detected  in  all  media. 


Table  2-2  (Continued) 

Inorganics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  1 


Table  2-2  (Continued) 

Inorganics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  1 


SBfflfteiO 

Qocftum 

^af9) 

iftinadiam 

zinc 

(pg^g) 

11,9 

$30 

^.9 : 

43.9; 

R1SS1 

11.2 

990 

991 

37.4 

177 

RISS1DUP 

10.6 

828 

550 

35.2 

231 

R!SS2 

9.34 

749 

467 

42.8 

34.3 

RISS3 

5.88 

554 

530 

47.6 

23.3 

RISS4 

9.60 

711 

492 

43.3 

135 

RISS54 

8.47 

553 

311 

48.3 

29.9 

RISSSS 

10.3 

615 

298 

35.5 

195 

R1SS56 

6.88 

703 

271 

34.3 

301 

ND  Not  Detected. 

*  Site  background  concentrations  are  from  surface  soil  samples  MW-52  through  MW-54  and  RISSBK1  through  RISSBK5. 


Table  2-2  (Continued) 

Organics  Detected  in  Surface  Soil  Samples  Collected  in  AREE 1 


SaB)(;^e  10 

419^) 

Aeenar^theee 

(MS/g) 

Ai^hmcene 

tirthnaoew 

(wi/g) 

RBC’ 

230^' 

470 

2,300 

RISS1 

ND 

ND 

ND 

0.022 

ND 

RISS1DUP 

ND 

ND 

ND 

0.081 

ND 

RISS2 

ND 

ND 

ND 

0.009 

0.004 

RISS3 

ND 

ND 

ND 

ND 

ND 

R1SS4 

ND 

0.189 

ND 

0.160 

ND 

RISS54 

ND 

ND 

ND 

ND 

0.002 

R1SS55 

0.383 

2.98 

6.29 

4.12 

0.999 

RISS56 

0.842 

6.05 

10.8 

11.7 

2.0 

Sampled 

B»120(b) 

tIooraRSiene 

.  (ug^g) 

Ben20(g,Mjl 

perytene 

(pg^f) 

^(uoranthene  . 
(pg'g) 

Ph&?aiate 

Oifordsm  : 

RBC* 

o.oaa 

^.68 

230*^ 

B.6 

46 

0^ 

R1SS1 

0.002 

0.002 

ND 

ND 

1.70 

ND 

RISS1DUP 

0.004 

0.003 

ND 

0.002 

0.730 

ND 

RISS2 

0.006 

0.006 

ND 

0.003 

0.340 

ND 

RISS3 

0.002 

0.003 

ND 

0,001 

0.460 

ND 

RISS4 

0.090 

ND 

0.045 

ND 

1.40 

ND 

RISS54 

0.004 

0,004 

ND 

0.002 

ND 

ND 

RISS55 

1.03 

1.09 

1.13 

0.536 

ND 

0.025 

RISS56 

0.37 

2.19 

2.77 

1.20 

ND 

ND 

Table  2-2  (Continued) 

Organics  Detected  in  Surface  Soil  Samples  Collected  in  AREE 1 


ChtyseBt 

am 

DOE 

Oib«TZ<^h) 

ant(ww5«w 

i  Fluotantfiene  ; 
Insist) 

RBC* 

m 

1.^ 

wmsm 

mm 

RISS1 

ND 

0.011 

ND 

ND 

ND 

0.004 

RISS1DUP 

0.010 

ND 

ND 

0.004 

ND 

0.011 

RISS2 

ND 

ND 

ND 

ND 

ND 

0.007 

RISS3 

ND 

ND 

ND 

ND 

ND 

0.003 

RISS4 

0.048 

0.005 

0.006 

ND 

0.022 

0.201 

RISS54 

ND 

ND 

ND 

ND 

ND 

0.007 

RiSS55 

1.07 

0.024 

0.008 

0.056 

0.287 

2.52 

RISS56 

2.62 

0.006 

0.052 

0.035 

0.698 

0.34 

tD 

Ffacmift 

ai9/s> 

PCB-126C 

PftenaBthrene 

£ligi«3} 

Ws)  . 

RBC* 

310 

0.68 

23&' 

230 

RISS1 

ND 

ND 

ND 

0.149 

ND 

ND 

RISS1DUP 

ND 

ND 

ND 

0.037 

ND 

0.034 

RISS2 

ND 

ND 

ND 

ND 

ND 

0.009 

RISS3 

ND 

ND 

ND 

ND 

ND 

ND 

RISS4 

ND 

0.038 

ND 

0.713 

0.223 

0.197 

RISS54 

ND 

ND 

0.332 

ND 

ND 

ND 

RISS55 

0.487 

0.707 

1.80 

0.279 

2.36 

3.33 

RISS56 

0.755 

1.70 

4.37 

0.054 

6.29 

12.3 

ND  Not  detected. 

*  The  maximum  detected  concentrations  of  organic  and  inorganic  compounds  were  compared  to  USEPA  Region  III  residential 

RBCs,  In  accordance  with  Region  III  guidance  (USEPA,  1996a).  The  RBCs  are  health-protective  chemical  concentrations  that 
are  back-calculated  using  toxicity  criteria,  a  1x10*®  target  risk  level  or  a  0.1  hazard  Index,  and  conservative  exposure 
parameters. 

Value  is  for  carcinogenic  PCBs. 

The  RBC  for  pyrene  was  used  as  a  surrogate  for  non-carcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 


Table  2-2  (Continued) 

inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREE  1 


^minim 

W9> 

Baivium 

CaiOistt 

(pgfgl 

Chromium  . 

ctAiaft 

Copper 

pm 

SBefiacStgrotmcf* 

18300 

73.4 

im 

^4 

2S.G 

13.9 

WM 

MW-76 

1,890 

ND 

ND 

463 

15.3 

4.93 

4.79 

MW-77 

7,430 

50.8 

0.68 

900 

27,2 

12.1 

14.1 

MW-77DUP 

10,200 

857 

0.70 

1,090 

33.0 

144 

15.7 

MW-78 

4,620 

ND 

0.40 

1,240 

20.3 

6.92 

8.40 

MW-79 

11,200 

ND 

1.20 

373 

24.4 

6.46 

11.5 

MW-80 

7,880 

49.9 

0.50 

2,530 

16.8 

6.96 

12.3 

Samite  (0 

If 

lead 

Ws) 

Magnesian) 

Manpgiese 

Merojty 

(pgfg) 

■11 

Potassiwn 

pm 

Site  Bad^grounrf* 

27,800 

11.8 

3, TOD 

317 

ND 

179 

624 

MW-76 

10,200 

10.4 

377 

190 

0.209 

4.33 

217 

MW-77 

17,200 

13.0 

3,430 

117 

ND 

16.4 

682 

MW-77DUP 

16,000 

10.2 

3,950 

119 

ND 

18.7 

899 

MW-78 

14,100 

24.5 

1,010 

322 

ND 

7.39 

460 

MW-79 

26,800 

12.9 

2,830 

63.8 

ND 

8.80 

394 

MW-80 

17,700 

32.4 

1,400 

216 

ND 

8.65 

603 

samptef  10 


site  Back^found’ 


MW-76 


MW-77 


MW-77DUP 


MW-78 


MW-79 


MW-80 


Baianlum 


Sodium 

Vanadium 

Wg) 

P¥3) 

B33 

25.6 

409 

25.5 

579 

35.7 

638 

43.6 

395 

38.0 

982 

54.4 

480 

32.1 

Not  detected. 

Background  concentrations  are  from  soil  samples  MW-52  through  MW-54  and  RISSBK-1  through  RISSBK-5 


Table  2-2  (Continued) 

Organics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREE 1 


ID 

(re# 

i  CivyseBe 

I  M 

DDD 

(re/g) 

tm 

(t#g) 

Endosulfan 

raic* 

— 

0.04 

4f\ 

MW-76 

ND 

ND 

ND 

ND 

ND 

ND 

MW-77 

ND 

ND 

ND 

ND 

ND 

ND 

MW-77DUP 

ND 

ND 

ND 

ND 

ND 

0.03 

MW-78 

0.20 

0.17 

ND 

ND 

ND 

ND 

MW-79 

ND 

ND 

ND 

ND 

ND 

ND 

MW-80 

ND 

ND 

0.01 

0.01 

0.02 

ND 

ND  Not  detected. 

*  RBC  values  are  from  USEPA  Region  III  Residential  Soil  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based  on  a  hazard 

quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 

^  The  RBC  for  endosulfan  was  used. 

®  Value  is  for  carcinogenic  PCBs. 


Table  2-2  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE 1 


SaroiSe  10 


MW-76 


MW-77 


MW-78 


MW-79 


AtURilmim 


B^um 

(re/g) 

(ra/s) 

Woffliara 

ND 

454 

25 

0.390 

726 

18,4 

0.499 

653 

17.1 

ND 

190 

8.96 

0.27 

228 

10.7 

0.34 

145 

5.41 

ND 

193 

4.32 

0.39 

295 

13.8 

ND 

140 

5.35 

0.47 

702 

15.7 

ND 

138 

4.70 

{D 

bQB 

Dof^er 

{ton 

lead 

Mangairese  ; 

m 

W9> 

<m)  ; 

W9>  : 

Bite 

Backgromc^ 

E  : 

1  i3.g 

16.9 

1  27.600 

11.6  I 

3,700  ' 

I  017 

14.4 

8.50 

13,200 

11.3 

784 

138 

9.23 

8.00 

11,400 

ND 

1,230 

108 

ND 

2.28 

3,200 

ND 

751 

29.3 

2.89 

4.62 

12,600 

ND 

685 

93.3 

ND 

2.58 

11,800 

ND 

308 

77.1 

ND 

2.17 

2,350 

ND 

352 

40.1 

3.86 

5.73 

4,410 

ND 

1,470 

43.5 

ND 

2.44 

2,650 

ND 

438 

17.4 

10.3 

10.7 

10,400 

ND 

1,380 

115 

ND 

2.65 

4,200 

ND 

340 

43.0 

Table  2-2  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE 1 


Sample  iO 

SSeGackgraunij^ 

Depth 

m 

,  W) 

Pdtaaaltsn 

Sadkim 

im) 

Vanadium 

■  {my 

Zirm 

17,9 

624 

933 

2S,8 

46.3 

MW-76 

5 

6.15 

320 

466 

37.2 

20.1 

7 

8.03 

575 

547 

277 

22.1 

MW-77 

5 

4.28 

341 

302 

7.06 

8.78 

7 

3.90 

340 

436 

10.6 

12.0 

MW-78 

5 

ND 

ND 

262 

6.49 

8.08 

10 

ND 

149 

249 

6.49 

ND 

MW-79 

5 

5.57 

330 

417 

21.5 

18.8 

10 

ND 

191 

247 

8.27 

ND 

MW-80 

5 

7.59 

568 

422 

30.1 

23.5 

10 

ND 

ND 

250 

6.37 

ND 

ND 


Not  detected. 

Background  concentrations  are  from  samples  MW-52  through  MW-54,  each  at  two  depths. 


Table  2-2  (Continued) 


Organic  Compounds  Detected  In  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table) 

Collected  In  AREE  1 


SaropSe  (0 

RBC’  , 

m 

phthatate 

(M9^a) 

Endosolfen 

$iafate 

Fhior6ff)lliene 

JW^hoxycWor 

imiQ) 

780 

48 

....  47^  ' 

310 

f  39 

MW-76 

5 

NO 

ND 

ND 

0.33 

ND 

7 

0.02 

ND 

ND 

ND 

ND 

MW-77 

5 

NO 

0.17 

0.01 

ND 

ND 

7 

0.01 

ND 

ND 

ND 

ND 

MW-78 

10 

0.03 

ND 

ND 

ND 

ND 

MW-79 

10 

0.01 

0.29 

ND 

ND 

ND 

MW-80 

5 

0.02 

ND 

ND 

ND 

ND 

10 

ND 

6.50 

ND 

ND 

0.01 

Samfide  ID 

HBC* 

Deji^h  bgs 

(ft) 

PCB426B 

Pyrene 

WO) 

0.083’ 

230 

MW-76 

5 

ND 

0.28 

7 

ND 

ND 

MW-77 

5 

ND 

ND 

7 

ND 

ND 

MW-78 

10 

ND 

ND 

MW-79 

10 

ND 

ND 

MW-80 

5 

1.62 

ND 

10 

ND 

ND 

NO  Not  detected. 

^  USEPA  Region  III  residential  risk-based  concentration  (RBC)  values.  RBCs  for  noncarcinogenic  chemicals  are  based  on  a 

hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


The  RBC  for  endosulfan  was  used. 
Value  is  for  carcinogenic  PCBs. 


Table  2-2  (Continued) 

Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  1 


Sample  ID 

Wun^nom 

(pg^) 

Baftum 

(pg/g) 

Semlttam 

^S) 

Calewm 

&ig(g) 

SftaSac^graunif 
(Oft  fags) 

14;350 

B2.4 

0,814 

1,150 

SSeSad^ratHiE^ 

(2  ft  fags) 

iSaOQ^ 

73.6 

1.02 

4S4 

TP-1  A 

0 

11,900 

ND 

ND 

967 

TP-1ADUP 

0 

10,900 

ND 

0.312 

1,120 

TP-1B 

2 

11,400 

ND 

0.725 

697 

TP-2A 

2 

13,600 

ND 

0.320 

571 

TP-2B 

2 

12,700 

75.2 

0.539 

476 

(D 

Depth  fa§^ 

(ft) 

(pg/fl) 

Cpp^er 

(|J^8> 

Iron 

Uarf 

Wg)  ^ 

SiteBad^raun^ 

(Oft  fags) 

12.6 

26^100 

22.4 

(2  ft 

16.9 

27,800 

11.8 

TP-1A 

0 

4.17 

8.61 

21 ,500 

10.7 

TP-1ADUP 

0 

4.02 

9.30 

23,600 

12.0 

TP-1B 

2 

8.47 

13.9 

29,200 

12.5 

TP-2A 

2 

7.28 

8.19 

17,200 

25.0 

TP-2B 

2 

6.98 

11.7 

17,100 

20.3 

Table  2-2  (Continued) 

Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  1 


ID 

(ft) 

Nickel 

Pofasswm 

Sodium 

Vanadium 

(i«/g) 

anc 

(ng'g) 

S(te6a(:d<grountf‘ 

{Oftbgs) 

m 

ill 

4$7 

5S.g 

SKe6ad<graun# 

{2ftbgfr) 

617 

17.^ 

^4 

933 

liiiiiH 

. mz . 

TP-1  A 

0 

36.6 

5.66 

457 

361 

32.8 

30.0 

TP-1ADUP 

0 

36.4 

5.65 

363 

419 

41.3 

25.1 

TP-1B 

2 

110 

10.1 

629 

538 

33.2 

37.9 

TP-2A 

2 

163 

8.02 

916 

492 

36.0 

35.8 

TP-2B 

2 

262 

6.59 

573 

380 

33.9 

37.0 

ND  Not  detected. 

*  Background  concentrations  are  from  soil  samples  MW-52  through  MW-54  and  RISSBK1  through  RISSBK5. 

^  Background  concentrations  are  from  soil  samples  MW‘52  through  MW-54,  each  at  two  depths. 


Table  2-2  (Continued) 

Organics  Detected  in  Test  Pit  Samples  Collected  in  AREE  1 


Saaiple  ID 

m 

pit^ajate 

DDD 

([Js4f) 

ODE 

{jJEra) 

RBC* 

46 

2J 

1.9 

39 

TP-1  A 

0 

0.160 

ND 

ND 

ND 

TP-1  AD 

0 

ND 

ND 

ND 

ND 

TP-1B 

2 

ND 

ND 

ND 

ND 

TP-2A 

2 

ND 

0.009 

0.008 

ND 

TP-2B 

2 

ND 

0.005 

0.017 

ND 

ND  Not  detected. 

®  USEPA  Region  ill  residential  risk-based  concentration  (RBC)  values,  RBCs  for  noncarcinogenic  chemicals  are  based  on  a 

hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


Table  2-2  (Continued) 

Inorganics  Detected  In  Groundwater  Samples  Collected  In  AREE  1 


ID 

Arsenic 

Banum 

Cacintium 

Caii^m 

Chrofrtum 

Cofealt 

" " 

(wa/U 

(ugA.) 

■ 

(wg/t> 

12,600 

$.70 

107 

IIIIIPII 

4a,»30 

22.3 

ND 

MW-7 

85,000 

4.1 

324 

0.5 

21,700 

1,120 

73 

MW-8 

209 

ND 

ND 

0.1 

1,190 

ND 

ND 

MW-9 

56.9 

ND 

123 

ND 

49,200 

ND 

ND 

MW-10 

1,090 

ND 

73.9 

ND 

17,000 

31.6 

ND 

MW-11 

380 

1.9 

111 

ND 

22,300 

ND 

ND 

MW-12 

1,510 

ND 

43 

ND 

17,900 

ND 

ND 

MW-76 

157 

ND 

43.5 

ND 

24,300 

ND 

ND 

MW-76  Round  2 

307 

ND 

29.1 

ND 

16,700 

ND 

ND 

MW-77 

170 

ND 

27.9 

0.1 

7,820 

ND 

ND 

MW-77  Round  2 

2,780 

ND 

42.0 

0.1 

9,530 

ND 

ND 

MW-78 

593 

ND 

48.4 

ND 

13,600 

ND 

27.4 

MW-78  Round  2 

5,750 

ND 

63.9 

ND 

15,100 

ND 

ND 

MW-79 

209 

2.7 

34.5 

ND 

7,980 

ND 

30.7 

MW-79  Round  2 

1,000 

2.8 

29.4 

ND 

6,970 

ND 

22.4 

MW-80 

68 

ND 

ND 

ND 

2,920 

ND 

ND 

MW-80  Round  2 

1.430 

ND 

25.3 

ND 

3,960 

ND 

ND 

Table  2-2  (Continued) 

Inorganics  Detected  in  Groundwater  Samples  Collected  In  AREE  1 


ID 

Coppe" 

teOB 

lead 

(vm 

Mamanese 

Nickel 

Potassium  i 

$fteBac5kgr<aunii^ 

dm 

7,720 

m 

18.4 

2Q,$00 

MW-7 

124 

109,000 

54.6 

35,300 

1,610 

706 

8,160 

MW-8 

ND 

216 

7.3 

1,410 

26 

ND 

568 

MW-9 

ND 

73,700 

ND 

21,400 

5,160 

ND 

2,330 

MW-10 

5.5 

38,600 

48 

9,300 

1,900 

20.5 

2,070 

MW-11 

ND 

30,300 

7.2 

11,600 

2,850 

ND 

1,120 

MW-12 

ND 

3,020 

2 

4,830 

252 

ND 

3,600 

MW-76 

ND 

13,500 

ND 

8,710 

1,050 

ND 

1,500 

MW-76  Round  2 

ND 

11,400 

ND 

5,540 

994 

ND 

1,880 

MW-77 

ND 

340 

ND 

4,440 

304 

ND 

1,270 

MW-77  Round  2 

5.9 

6,050 

1.6 

8,120 

328 

ND 

1,740 

MW-78 

ND 

690 

ND 

11,100 

970 

ND 

805 

MW-78  Round  2 

6.1 

7,840 

2.4 

12,400 

1350 

ND 

1,290 

MW-79 

ND 

15,200 

ND 

9,170 

609 

ND 

779 

MW-79  Round  2 

ND 

17,600 

ND 

7,920 

479 

ND 

1,430 

MW-80 

ND 

343 

’  ND 

2,440 

165 

ND 

678 

MW-80  Round  2 

ND 

3,510 

ND 

3,250 

285 

ND 

1,210 

Table  2-2  (Continued) 

Inorganics  Detected  In  Groundwater  Samples  Collected  In  AREE  1 


Sample  [0 


MW-7 


MW-8 


MW-9 


MW-11 


MW-12 


MW-76 


MW-76  Round  2 


MW-77  Round  2 


MW-78 


MW-78  Round  2 


MW-79 


MW-79  Round  2 


MW-80  Round  2 


Setertum 


<ng/t) 


Thallium 

rtisa.) 


vafiafflum 


26,600 

1.7 

259 

267 

14,700 

ND 

ND 

135 

31,200 

ND 

ND 

49.4 

31,000 

ND 

ND 

228 

24,300 

ND 

ND 

107 

8,950 

ND 

ND 

ND 

25,500 

ND 

ND 

ND 

11,700 

ND 

ND 

ND 

22,100 

ND 

ND 

ND 

20,800 

ND 

ND 

ND 

22,400 

ND 

ND 

ND 

24,600 

ND 

16.9 

20.0 

20,700 

ND 

ND 

ND 

17,800 

ND 

ND 

ND 

12,400 

ND 

ND 

ND 

14,400 

ND 

ND 

ND 

Not  detected. 

Site  background  concentrations  are  from  samples  MW-52  through  MW-54,  and  MW-63,  which  were  sampled  in  two  rounds 
Round  2  sampling  was  conducted  in  March,  1996. 


Table  2-2  (Continued) 

Organics  Detected  In  Groundwater  Samples  Collected  In  AREE  1 


SantF^a  tD 


Acenaphthylene  1;  Ac^ne  ii  Anitwaceoe  Alpha,  BHC 
(pg/L)  Wt)  (usfl)  (PS3i^> 


MW-7 

ND 

ND 

17.3 

ND 

ND 

ND 

MW-8 

ND 

ND 

ND 

ND 

ND 

ND 

MW-9 

ND 

ND 

ND 

ND 

ND 

ND 

MW-10 

ND 

ND 

ND 

ND 

ND 

ND 

MW-11 

ND 

ND  : 

ND 

ND 

ND 

ND 

MW-12 

ND 

ND 

ND 

23 

ND 

ND 

MW-76 

ND 

ND 

ND 

ND 

ND 

ND 

MW-76  Round  2 

ND 

ND 

ND 

ND 

ND 

0.008 

MW-77 

6.2 

6.34 

ND 

ND 

ND 

ND 

MW-77  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

MW-78 

ND 

ND 

ND 

ND 

ND 

0.006 

MW-78  Round  2 

ND 

ND 

ND 

11 

ND 

ND 

MW-79 

ND 

ND 

ND 

ND 

0.595 

0.006 

MW-79  Rounci  2 

ND 

ND 

ND 

ND 

ND 

0.008 

MW-80 

ND 

ND 

ND 

ND 

ND 

ND 

MW-80  Round  2 

ND 

ND 

ND 

ND 

ND 

0.008 

Table  2-2  (Continued) 

Organics  Detected  In  Groundwater  Samples  Collected  In  AREE 1 


RBC* 

BHCmindanei 

.Pf3(2- 

.  v-ptbafate 

Chrysene 

Delta  BHC 

im) 

Endosultan 

suMate 

Ftuorantbene 

48'' 

m 

.  22'=' 

150^ 

MW-7 

ND 

ND 

ND 

ND 

ND 

0.032 

MW-8 

ND 

ND 

ND 

ND 

0.044 

ND 

MW-8  Round  2 

ND 

NS 

NS 

ND 

NS 

NS 

MW-9 

ND 

2.6 

ND 

ND 

ND 

ND 

MW-9  Round  2 

ND 

NS 

NS 

ND 

NS 

NS 

MW-10 

ND 

CM 

ND 

ND 

ND 

ND 

MW-11 

ND 

5.2 

ND 

ND 

ND 

ND 

MW-11  Round  2 

ND 

NS 

NS 

ND 

NS 

NS 

MW-12 

ND 

ND 

ND 

ND 

ND 

ND 

MW-76 

ND 

ND 

ND 

ND 

ND 

ND 

0.007 

ND 

ND 

0.007 

ND 

ND 

MW-77 

ND 

6.9 

0.188 

ND 

ND 

0.037 

MW-77  Round  2 

ND 

5.3 

ND 

ND 

ND 

ND 

MW-78 

ND 

ND 

ND 

ND 

ND 

0.024 

MW-78  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

MW-79 

ND 

2.5 

ND 

ND 

ND 

0.025 

MW-79  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

MW-80 

ND 

2.2 

ND 

ND 

ND 

ND 

MW-80  Round  2 

ND 

ND 

ND 

ND 

0.018 

ND 

ND  Not  detected. 

NA  Not  available. 

-  No  value  available. 

®  The  groundv\«ter  and  surface  water  RBC  values  are  from  USEPA  Region  III  Tap  Water  RBCs  (USEPA  1996a).  RBCs  for 

non-  carcinogenic  chemicals  are  based  on  a  hazard  quotient  of  1 .0,  following  USEPA  Region  III  guidance. 

The  RBC  for  pyrene  was  used  as  a  surrogate  for  non-carcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 

®  The  RBC  for  endosulfan  was  used. 


Table  2-2  (Continued) 

Inorganics  Detected  In  Sediment  Samples  Collected  In  AREE 1 


site 

Bac^raunij* 


/dutrinum  :  :  Beryffittm  '  Ciddutn 

;  (i«i/s»  i  (Mg^)  f  (la'fl) 


1S.20O  17S 


Ciwc^itjfn 

CtAidlt 

COpfXX 

(ta/g) 

i<00 

RISD14 


RISD15 

1,900 

ND 

ND 

436 

10.3 

4.28 

4.1 

RISD16 

3,340 

ND 

0.459 

1,160 

10.9 

6.21 

9.81 

RISD17 

2,490 

ND 

0.316 

585 

10.7 

5.98 

5.21 

RISD18 

1,870 

ND 

0.397 

1,360 

9.7 

7.19 

6.21 

RISD19 

964 

ND 

ND 

214 

5.2 

7.28 

4.65 

10,300 

ND 

ND 

5,420 

23 

12 

36.9 

RISD21 

6,700 

ND 

0.967 

856 

34.9 

29.4 

28.1 

\U 

ton 

fpsa) 

i| 

<Maa) 

Met^attese 

WB} 

Nickel 

(laa) 

Pt^e^urrt 

{H3a> 

BacKgrowieJ* 

34,200 

42.2 

3,740 

1,690 

30.0 

2<120  ^ 

RISD14 

8,160 

ND 

256 

125 

2.78 

181 

RISD15 

8,980 

ND 

563 

525 

4.68 

243 

R1SD16 

11,100 

14.8 

799 

383 

6.41 

492 

RiSD17 

10,200 

11 

835 

388 

6.59 

372 

RISD18 

12,700 

10.6 

515 

529 

5.27 

270 

RISD19 

6,530 

ND 

227 

142 

2.53 

ND 

RISD20 

22,500 

ND 

2.910 

895 

22.2 

1,140 

RISD21 

48,500 

ND 

1,750 

585 

20.4 

565 

Table  2-2  (Continued) 

Inorganics  Detected  In  Sediment  Samples  Collected  In  AREE 1 


San^feUJ 

if 

SotBum 

vaeadium 

Site  Bacjlcgrairwi* 

m 

1,710 

RISD14 

ND 

365 

21.4 

RISD15 

ND 

364 

22.3 

RISD16 

ND 

519 

19.3 

RISD17 

3.45 

385 

20.6 

RISD18 

ND 

440 

24.3 

RISD19 

ND 

411 

13.5 

RISD20 

ND 

2,290 

56.7 

RISD21 

ND 

965 

112 

Not  detecteid. 

Site  background  concentrations  are  from  samples  RISDBK1  through  RISDBK5. 


Table  2-2  (Continued) 

Organics  Detected  In  Sediment  Samples  Collected  In  AREE  1 


ID 

RBC’ 

4«g4i) 

Aceoaphibese 

(ra/s> 

Acetone 

Anthracene 

8enzc(e) 

arthracene 

(pg/g) 

8ei«o(a^ytene 

imfg} 

230^ 

470 

760 

2,300 

0.^ 

RISD14 

ND 

ND 

ND 

ND 

ND 

0.001 

RISD15 

ND 

ND 

ND 

ND 

0.002 

0.003 

RISD16 

ND 

ND 

ND 

0.051 

0.031 

0.041 

RISD17 

ND 

ND 

ND 

ND 

0.002 

ND 

RISD18 

1.93 

7.15 

0.03 

0.041 

0.075 

0.027 

RISD19 

ND 

ND 

ND 

ND 

0.002 

0.003 

RISD20 

ND 

ND 

ND 

0.552 

0.142 

0.195 

RISD21 

ND 

ND 

ND 

0.084 

0.053 

0.085 

Sample  ID 

RBO* 

Benzdb) 

fluaranthene 

wg) 

6erK<j(s,h,i) 

peiy(ene(pg/g) 

(^68  ; 

23(f 

RISD14 

0.003 

ND 

RISD15 

0.006 

ND 

RISD16 

0.055 

0.059 

R1SD17 

0.004 

ND 

RISD18 

0.094 

0.119 

RISD19 

0.004 

ND 

RISD20 

0.141 

0.102 

RISD21 

0.106 

0.067 

Chrysene 


000 

(pg/g) 

mB 

tpgS) 

Z7  : 

1.^ 

Table  2-2  (Continued) 

Organics  Detected  In  Sediment  Samples  Collected  In  AREE 1 


Sample  ID 

RBC 

DDT 

(raila) 

OTthraqane 

f^looranSiene 

(ra^s) 

}n«Jeno(i,2,3' 

cd)pyren« 

PCB-1260 

(“henaoeirane 

(is/g) 

Pyrsne  : 

; 

ojm 

810 

0.88 

230  .  .  : 

RISD14 

ND 

ND 

0.002 

ND 

ND 

ND 

ND 

RISD15 

ND 

ND 

0.004 

ND 

ND 

ND 

0.01 

RISD16 

ND 

0.015 

0.061 

0.027 

ND 

ND 

0.062 

RISD17 

ND 

ND 

0.005 

ND 

ND 

ND 

ND 

RISD18 

ND 

0.012 

0.131 

0.056 

ND 

0.045 

0.059 

RISD19 

0.018 

ND 

0.004 

ND 

ND 

ND 

0.009 

RISD20 

ND 

ND 

0.259 

0.094 

0.084 

ND 

0.419 

RISD21 

ND 

ND 

0.14 

0.046 

ND 

ND 

0.28 

ND  Not  detected. 

“  Sediment  RBC  values  are  from  USEPA  Region  111  Residential  Soil  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based 

on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 

^  The  RBC  for  pyrene  was  used  as  a  surrogate  for  non-carcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 

Value  is  for  carcinogenic  PCBs. 


Table  2-2  (Continued) 


Inorganics  Detected  in  Surface  Water  Samples  Collected  in  AREE  1 


AMnum 

CaicfwiD 

{vm 

ChroRTium 

Ccape- 

41.$ 

22.200 

10.$ 

m  : 

2,S10 

RISW14 

1,040 

31.8 

15,500 

ND 

ND 

1,460 

RISW15 

953 

31.7 

15,500 

ND 

ND 

1,400 

RISW16 

1,100 

30.9 

15,100 

11.1 

ND 

1,420 

R1SW17 

1,040 

31.3 

15,400 

ND 

ND 

1,380 

RISW18 

927 

31.5 

15,500 

ND 

ND 

1,310 

RISW19 

5,070 

'  69.9 

20,200 

ND 

17.6 

6,900 

RISW20 

1,620 

43 

18,700 

ND 

ND 

2,480 

RISW21 

3,170 

55.2 

18,900 

ND 

6.9 

4,510 

Saiafida  ID 

11 

(Msa.) 

;  Petaeaium 
(IW 

Sodium 

Vaoadlum 

Zinc 

(Hga.) 

Site 

BacKgrewid* 

1.9 

7,^ 

303 

3,670 

16,500 

ND 

ND 

RISW14 

1.5 

5,050 

238 

3,400 

11,800 

ND 

29.9 

RISW15 

1.5 

5,050 

148 

3,670 

11,300 

ND 

24.1 

RISW16 

1.6 

4,930 

159 

3,720 

11,100 

ND 

22.2 

RISW17 

1.4 

5,050 

204 

3,460 

11,500 

ND 

20.9 

RISW18 

1.5 

5,020 

136 

3,780 

11,400 

ND 

20.6 

RISW19 

8.4 

6,970 

373 

5,070 

14,700 

13.1 

40.1 

RISW20 

3.5 

6,120 

103 

4,110 

14,400 

ND 

25.8 

RISW21 

5.3 

6,340 

210 

4,360 

13,500 

ND 

29.2 

ND 


Not  detected. 

Site  background  concentrations  are  from  samples  RISWBK1  through  RISWBK5. 


Table  2-2  (Continued) 

Inorganics  Detected  In  Surface  Water  Runoff  Samples  Collected  In  AREE  1 


AhJBfinwn 

imH) 

SWR01 

6,480 

SWR01DUP 

8,880 

SWR02 

34,600 

SWR03 

43,300 

SWR04 

35,700 

^asenic 


Baditth 

Cafcium 

ChrotTfl«m 

(ral> 

(Mg^) 

49.8 

ND 

58,300 

10.0 

47.8 

ND 

33,300 

11.4 

122 

0.2 

27,700 

43.8 

139 

0.3 

21 ,800 

53.0 

171 

0.3 

15,300 

60.9 

Saint:d6  tD 

ton 

liiiiwiiii 

Maromy 

HiCm 

(ng/l) 

(M{H) 

m-y 

WD 

{(igfl.) 

miy-y 

SWR01 

ND 

9,980 

5.5 

10,600 

555 

ND 

ND 

SWR01DUP 

5.5 

12,600 

8.7 

6,600 

207 

ND 

ND 

SWR02 

28.0 

45,200 

70.2 

8,400 

344 

0.23 

25.8 

SWR03 

28.4 

48,500 

47.2 

9,460 

603 

0.23 

22.6 

SWR04 

33.3 

57,800 

42.5 

8,860 

498 

ND 

29.0 

Sarr^te  ID 

PotasKum 

Bodkim 

WL) 

SWR01 

2,660 

7,740 

SWR01DUP 

2,300 

5,430 

SWR02 

6,880 

5,680 

SWR03 

8,500 

5,930 

SWR04 

7,950 

3,260 

(w/y .. 


Vaiadurn 

nm 

Snc 

16.4 

34.0 

25 

45.6 

87.4 

164 

92.8 

177 

106 

197 

Not  detected 


Table  2-2  (Continued) 

Organics  Detected  In  Surface  Water  Runoff  Samples  Collected  in  AREE  1 


Saropda  ID 

^thracene 

(ijgi'L) 

Sen2o(a)pycer» 

(roii} 

Benzoic  Acid 

Biuorarthme 

PCB-1260 

Pwwte' 

(rat). 

SWR01 

ND 

ND 

5.2 

ND 

ND 

ND 

SWR02 

1.35 

0.014 

ND 

0.053 

0.486 

0.129 

SWR03 

2.73 

0.016 

ND 

0.050 

4.40 

0.237 

SWR04 

0.923 

ND 

ND 

ND 

0.224 

0.151 

ND 


Not  detected. 


Table  2-2  (Continued) 

Compounds  Detected  in  Site  Wide  Fish  Tissue  Samples  in  AREE  1 


Saropte  ID 

Allies  ChlQrijan» 

DDD 

ODE 

Oamma  ChTc»rdane 

ivaM 

RBC 

0.0024 

0;013 

0.0093 

0^0024 

S.FISH-1W 

Marumsco 

ND 

ND 

15.9 

ND 

S.FISH-2W 

Marumsco 

ND 

ND 

14.5 

ND 

S.FISH-3W 

Marumsco 

ND 

ND 

14 

ND 

S.FISH-4W 

Marumsco 

ND 

ND 

30.2 

ND 

S.FISH-5W 

Marumsco 

ND 

ND 

ND 

ND 

WPERCH-1W 

Marumsco 

14.7 

ND 

34.9 

ND 

WPERCH-2W 

Marumsco 

13.2 

30.9 

30.9 

ND 

WPERCH-3W 

Marumsco 

12.3 

ND 

28.6 

ND 

WPERCH-4W 

Marumsco 

16.3 

ND 

38.3 

ND 

WPERCH-5W 

Marumsco 

12 

ND 

29.1 

ND 

SanffilelD 

Location 

htefigachlor 

Mercury 

WO) 

PCB-126D 

Wo) 

RBC* 

ami 

0.41 

0.00041 

S.FISH-1W 

Marumsco 

ND 

ND 

126 

S.FISH-2W 

Marumsco 

1.42 

ND 

105 

S.FISH-3W 

Marumsco 

ND 

ND 

97.6 

S.FISH-4W 

Marumsco 

ND 

ND 

110 

S.FISH-5W 

Marumsco 

ND 

ND 

115 

WPERCH-1W 

Marumsco 

ND 

0.05 

267 

WPERCH-2W 

Marumsco 

ND 

0.026 

227 

WPERCH-3W 

Marumsco 

ND 

0.025 

234 

WPERCH-4W 

Marumsco 

ND 

0.039 

277 

WPERCH-5W 

Marumsco 

ND 

0.029 

221 

ND  Not  Detected. 

The  m^imum  detected  concentrations  of  organic  and  inorganic  compounds  were  compared  to  USE  PA  Region  III  residential 
RBCs,  In  accordance  with  Region  III  guidance  (USEPA,  1996a).  The  RBCs  are  health-protective  chemical  concentrations  that 
are  back-calculated  using  toxicity  criteria,  a  1x10'®  target  risk  level  or  a  0.1  hazard  index,  and  conservative  exposure 
parameters. 


Table  2-3 


Summary  of  Ri  Results  for  AREEs  2  and  5  -  Former  Dump  Nos.  2  and  5 


lifediaSamjded* 

Numite' of  Samples 
Ctieefed 

Comtpounds/Ana^es  Detected 
etxwsLOC?’ 

Summary  of  Fate^  Toan^ort 

Surface  Soil 

5 

Al,  Ba.  Be,  Cu,  Pb,  Mn,  K,  Na 

Infiltration/percolation  through  soil 
to  groundwater 

Subsurface  Soil 
(0-  to  2-feet  bgs) 

7 

Al,  As,  Ba,  Be,  Ca,  Cr,  Co,  Pb, 

Mn,  Hg,  K,  Se,  V 

Subsurface  Soil 
(2-ft  bgs  to  Water  Table) 

19 

Sb,  Ca,  Mn,  K,  Ag,  V 

PCB-1248,  PCB-1254 

Test  Pits 

4 

Al,  Ba,  Be.  Ca,  Cr,  Co,  Cu,  Fe, 

Pb,  Mn,  K,  Na.  Zn 

Groundwater® 

Round  1-15 
Round  2-9 

Cr,  Fe,  Pb,  Mg,  Mn,  Ni.  Se,  Tl, 

Zn 

Aldrin,  gamma-BHC,  heptachlor 
epoxide 

Discharge  to  surface  water 

Sediment 

3 

Na,  V 

Stormwater  runoff  to  surface 
water/sediment 

Surface  Water 

3 

Al.  Ba,  Cu.  Fe.  Pb.  K,  V 

Stormwater  runoff  to  surface 
water/sediment 

Surface  Water  Runoff 

3 

Anthracene,  DDE,  DDT, 
Fluoranthene,  Pyrene 

Stormwater  runoff  to  surface 
water/sediment 

Surface  soil  and  groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PC Bs,  TAL  metals,  PAHs,  PCTs, 
and  TPH.  Subsurface  soil  and  test  pit  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PCTs, 
and  TPH. 

LOC  -  Level  of  Concern.  Refers  to  either  the  WRF  site  background  maximum  concentrations  for  inorganics  or  Region  III 
residential  risk-based  concentrations  (RBCs)  for  organics. 


c 


PCB  1016  was  detected  in  MW81  during  Round  2  sampling. 


Table  2>3  (Continued) 


Inorganics  Detected  in  Surface  Soil  Samples  Collected  in  AREEs  2  and  5 


Sample  10 

Almninum 

Barium 

BeryBitmn 

Caddum 

Chrorrdum 

Cobalt 

Site 

BackflfoUBcf 

1431K) 

9Z4 

0.S14 

1,150 

31.3 

16.6 

R1SS5 

13,100 

55.6 

0.874 

312 

20.6 

6.96 

R1SS6 

6,480 

ND 

0.451 

346 

7.58 

ND 

RISS7 

15,200 

80.2 

1.02 

517 

17.8 

11.4 

RISS8 

7,990 

67.2 

0.609 

631 

11.5 

5.33 

RISS9 

9,810 

117 

1.33 

1,080 

13.4 

16.3 

Sample  ID 

Copper 

iron 

Ws} 

Lead 

Magnesium 

W0 

Man^aneae 

NICteE 

Site 

Baolgrouncf 

12.6 

23,100 

22.4 

2610 

875 

11,9 

RISS5 

4.41 

13,700 

17.2 

1,320 

207 

8.33 

RISS6 

4.73 

7.790 

21.3 

523 

45.6 

4.18 

RISS7 

13.3 

19,800 

22.1 

1,260 

116 

9.22 

RISS8 

7.79 

11,000 

24.8 

658 

195 

6.53 

RISS9 

9.52 

10,900 

13.0 

1,140 

1,450 

10.4 

Sample  ID 


Potassium 


Sodium 


Vanadium 


Zinc 


Backgro  weP 


m 


4$7 


4as 


RISS5 


608 


465 


35.2 


29.8 


RISS6 


495 


457 


22.3 


18.8 


RISS7 


1,130 


551 


45.3 


43.1 


RISS8 


647 


425 


32.7 


31.0 


RISS9 


751 


497 


21.0 


37.7 


Site  background  concentrations  are  based  on  WRF  maximum  background  concentrations  in  surface  soil  samples  MW-52 
through  MW-54and  RISSBK1  through  R1SSBK5  . 


ND 


Not  detected. 


Table  2-3  (Continued) 


Organics  Detected  in  Surface  Soil  Samples  Collected  in  AREEs  2  and  5 


ID 

RBC* 

ImOTJ 

Anthracene 

8eFEZ0(a)an8trae«ia 

Benzota^pyret^ 

BenEC»(b) 

tfaoftBithene 

Benza(9,fM)p  : 
etylene 

470 

2,300 

0.088 

0.88 

23{f 

RISS5 

ND 

ND 

ND 

0.001 

0.002 

ND 

RISS6 

ND 

0.040 

0.004 

0.006 

0.011 

0.011 

RISS7 

0.185 

0.010 

0.005 

0.006 

0.009 

0.012 

RISS8 

ND 

0.037 

0.003 

0.005 

0.009 

0.009 

RISS9 

ND 

0.044 

0.007 

0.004 

0.024 

0.014 

SaropEelO 

RBC* 

BenzD](k)fli{aFanfiiene 

Bes{2^ 

fwthatate 

CtFysene 

■ 

Fluonfflithene 

iym) 

lndeno(1v2^3- 

cd)pyrerie 

(«g^) 

8.8 

46 

88 

1.9 

310 

0.88 

R1SS5 

0.001 

0.870 

ND 

ND 

0.004 

ND 

RISS6 

0.005 

ND 

0.013 

ND 

0.022 

0.009 

RISS7 

0.005 

ND 

ND 

ND 

0.018 

0.008 

RISS8 

0.004 

ND 

ND 

ND 

0.012 

0.007 

RISS9 

0.009 

ND 

0.022 

0.009 

0.025 

0.009 

Sarnple 

RBC* 

Ngp^halene 

PhenanOirene 

pyrene 

Wg) 

310 

230* 

230 

RISS5 

ND 

0.060 

ND 

RISS6 

1.27 

0.474 

ND 

RISS7 

4.97 

0.187 

ND 

RISS8 

ND 

1.39 

ND 

RISS9 

ND 

ND 

0.051 

ND  Not  detected. 

®  The  maximum  detected  concentrations  of  organic  and  inorganic  compounds  were  compared  to  USER  A  Region  ill  residential 

RBCs,  inaccordance  with  Region  III  guidance  (USEPA,  1996a).  The  RBCs  are  health-protective  chemical  concentrations  tht 
are  back-ciculated  using  toxicity  criteria,  a  1x10'®  target  risk  level  or  a  0.1  hazard  index,  conservative  exposure  parameters. 

^  The  RBC  for  pyrene  was  used  as  a  surrogate  for  non-carcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 


Table  2-3  (Continued) 


Inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREEs  2  and  5 


ID 

Aliflfifjjnum 

Barium 

BenSliom 

(f^g) 

CaJdutn 

Wa) 

Baokgrouncf 

liilHIHii 

454 

25,0 

MW-68 

13,400 

ND 

71.6 

0.99 

285 

23.3 

MW-70 

21,100 

ND 

62.1 

0.80 

182 

29.5 

MW-71 

9,430 

ND 

ND 

0.64 

522 

30.6 

MW-71DUP 

9,940 

ND 

62.4 

1.26 

575 

15.1 

MW-74 

10,500 

ND 

43.9 

0,46 

227 

14.1 

MW-81 

8,980 

ND 

77.4 

0.56 

4,170 

17.8 

RISB6 

9,660 

ND 

ND 

0.69 

209 

12.7 

BiWfipte  ID 

cobalt 

Copper 

Ma) 

Iron 

(t>9/g> 

11 

^  Mswnesiwn 
Wg) 

Mat^aneae 

(Mg/g> 

JVt^cuiy 

.  ? 

Bac^kgrouncf 

2fm 

11 

3, TOO 

m 

MW-68 

20.0 

7.46 

26,700 

14.6 

1,300 

858 

ND 

MW-70 

10.2 

11.4 

25,300 

11.1 

2,100 

148 

ND 

MW-71 

8.77 

14.0 

16,400 

ND 

1,830 

247 

ND 

MW-71  DUP 

37.5 

8.08 

17,900 

11.5 

1,310 

684 

ND 

MW-74 

4.24 

6.74 

11,400 

23.6 

775 

48.2 

ND 

MW-81 

12.8 

8.35 

13,500 

22.4 

891 

1,100 

ND 

RISB6 

4.25 

9.72 

14,600 

24.3 

693 

57.7 

ND 

Table  2-3  (Continued) 


Inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREEs  2  and  5 


davnpte  it) 

Pofessium 

Selenium 

Socttum 

Vanadium 

W9) 

(Mai's) 

Site 

<7.9 

624 

. 

m 

25.8 

MW-68 

6.52 

412 

15.3 

429 

50.3 

26.0 

MW-70 

11.8 

665 

ND 

365 

54.8 

41.9 

MW-71 

11.6 

503 

ND 

585 

37.6 

34.5 

MW-71DUP 

6.37 

589 

ND 

494 

31.5 

23.0 

MW-74 

5.40 

569 

ND 

441 

25.0 

25.4 

MW>81 

8.62 

478 

ND 

320 

28.8 

32.3 

RISB6 

4.95 

519 

ND 

489 

29.6 

32.6 

ND 


Not  detected. 

Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  subsurface  soil  samples. 


Table  2-3  (Continued) 


Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table) 
Collected  in  AREEs  2  and  5 


ID 

Site 

Delimit 

Aitroinum 

WSD 

Antifflemy 

Ba»urn 

B«yium 

Ws) 

C^dum 

Chtotrtum  : 

18,200 

ND 

7^.6 

102 

454 

25.0 

MW-68 

10 

6,610 

ND 

ND 

0.40 

266 

10.5 

20 

1,850 

ND 

ND 

0.40 

392 

4.50 

MW-70 

5 

11,100 

ND 

ND 

0.44 

ND 

18.8 

10 

4,020 

ND 

ND 

ND 

ND 

6.19 

MW-71 

5 

14,700 

0.40 

ND 

0.84 

265 

18.6 

10 

4,580 

ND 

68.9 

0.72 

1,260 

8.22 

MW.72 

5 

10,100 

ND 

ND 

0.30 

154 

16.6 

10 

5,650 

ND 

ND 

ND 

637 

7.56 

15 

815 

ND 

ND 

ND 

128 

1.68 

MW-73 

5 

9,360 

ND 

ND 

0.43 

479 

15.9 

10 

4,830 

ND 

54.8 

0.80 

871 

7.46 

15 

6,880 

ND 

ND 

0.38 

634 

13.3 

MW-74 

5 

7,780 

ND 

ND 

0.38 

ND 

15.4 

15 

2,610 

ND 

ND 

0.36 

370 

4.53 

MW-74DUP 

15 

4,760 

ND 

ND 

0.37 

531 

5.14 

MW-81 

5 

12,100 

ND 

47.7 

0.44 

7,520 

20.1 

10 

11,400 

ND 

64.4 

0.81 

2,700 

19.2 

RISB6 

5 

7,640 

ND 

54.9 

0.47 

298 

13.9 

15 

7,480 

ND 

73 

0.53 

934 

6.55 

Table  2-3  (Continued) 


Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table) 

Collected  in  AREEs  2  and  5 


Sample  1E> 

Site 

P) 

Cctolt 

OOF?»ef 

(Mg/'s) 

Iron 

i«ad 

(t^s) 

V5M 

16.9 

ar.soo 

11,8 

3,700 

617  1 

MW-68 

10 

3.39 

6.26 

10,900 

ND 

1,410 

62.8 

20 

ND 

5.41 

17,900 

ND 

281 

53.3 

IVIW-70 

5 

4.84 

8.08 

12,300 

ND 

2,090 

56.0 

10 

4.91 

2.67 

4,480 

ND 

519 

131 

MW-71 

5 

9.71 

11.40 

19,100 

ND 

1,730 

412 

10 

ND 

13.20 

3,240 

ND 

884 

10.9 

MW-72 

5 

2.58 

8.96 

7,630 

ND 

1,660 

49.7 

10 

ND 

6.05 

5,110 

ND 

712 

9.40 

15 

ND 

1.36 

3,330 

ND 

121 

18.7 

MW-73 

5 

3.29 

7.92 

10,100 

10.2 

1,200 

69.9 

10 

3.68 

8.75 

8,550 

ND 

823 

8.54 

15 

ND 

7.01 

17,800 

ND 

854 

57.0 

MW-74 

5 

2.44 

9.21 

4,370 

9.02 

943 

23.0 

15 

ND 

3.87 

5,040 

ND 

415 

12.8 

MW-74DUP 

15 

3.01 

4.33 

3,440 

ND 

665 

25.6 

MW-81 

5 

6.08 

10 

14,000 

ND 

2,690 

151 

10 

11 

9.15 

17,100 

17 

1,180 

622 

RISB6 

5 

4.37 

9.38 

6,560 

10.6 

821 

19.5 

15 

6.43 

12.7 

6,770 

ND 

1,260 

98.2 

Table  2-3  (Continued) 


Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table) 

Collected  in  AREEs  2  and  5 


SOBptelO 

SfteBacKgrdun(f 

bpi 

(fl) 

Nfekei:::-:-' 
(MfliSg)  ' 

Potassiwtt 

saver 

Sodftm 

(pg/g} 

Vanadium 
,  (ng/g) 

■  anc 

(ng^g)  ...J 

MS 

824 

NO 

2S,8 

46.3  I 

MW-68 

10 

4.57 

278 

ND 

345 

26.1 

16.4 

20 

ND 

188 

ND 

346 

7.30 

ND 

MW-70 

5 

6.17 

359 

2.08 

383 

36.8 

21.3 

10 

ND 

163 

ND 

249 

10.5 

6.71 

MW-71 

5 

8.52 

576 

ND 

484 

37.5 

26.7 

10 

4.34 

336 

ND 

407 

18.5 

13.0 

MW-72 

5 

8.12 

343 

ND 

357 

27.9 

27.2 

10 

3.09 

182 

ND 

350 

11.6 

8.70 

15 

ND 

ND 

ND 

244 

5.88 

ND 

MW-73 

5 

5.50 

381 

ND 

413 

34.0 

27.1 

10 

5.72 

216 

ND 

456 

16.9 

26.4 

15 

4.10 

460 

ND 

541 

24.2 

23.7 

MW-74 

5 

4.20 

264 

ND 

344 

17.8 

14.6 

15 

2.80 

164 

ND 

432 

10.8 

8.70 

MW-74DUP 

15 

3.79 

428 

ND 

472 

13.0 

17 

MW-81 

5 

8.15 

460 

ND 

431 

35.8 

24.6 

10 

8.25 

778 

ND 

332 

32.6 

37.7 

R1SB6 

5 

4.39 

430 

ND 

557 

26.9 

16.4 

15 

5.64 

567 

ND 

535 

14.2 

24.1 

ND 


Not  detectetd. 

Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  subsurface  soil  samples. 


Table  2-3  (Continued) 


Organics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREEs  2  and  5 


Sampte  ID 

BistZ-^bylb©^)- 

DDT 

Ma) 

DHVbufylpMhsiafta  : 

En(Josid&rt  Sulfate 

JW^hcixychtof 

tmh) 

RBC* 

48 

im 

47* 

39; 

MW-68 

ND 

ND 

ND 

ND 

ND 

MW-70 

0.63 

ND 

4.10 

ND 

ND 

MW-71 

0.24 

0.01 

ND 

ND 

ND 

MW.71DUP 

0.38 

ND 

ND 

ND 

ND 

MW-74 

ND 

ND 

ND 

ND 

ND 

MW-81 

ND 

ND 

ND 

ND 

ND 

RISB6 

0.21 

ND 

ND 

ND 

ND 

Sarnie  ID 

PC8-t24$ 

PC8-1;®4'  • 

Ws) 

TPH,  35  Oieset 
4*3^) 

•TpH.asOas 

RBC* 

o,oi^ 

MW-68 

ND 

ND 

ND 

ND 

MW-70 

ND 

ND 

ND 

ND 

MW-71 

ND 

ND 

ND 

ND 

MW-71  DUP 

ND 

ND 

ND 

ND 

MW-74 

ND 

ND 

27.9 

9.88 

MW-81 

0.22 

1.00 

ND 

ND 

RiSB6 

ND 

ND 

1  ND 

ND 

ND  Not  lietecteid 

“  The  soil  RBC  values  are  from  the  USEPA  Region  til  Residential  RBCs  (USEPA,  1996a).  RBCs  for  noncarcinogenic 

chemicals  are  based  on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 

^  Value  is  for  carcinogenic  PCBs, 

®  RBC  for  endosulfan  was  used. 


Table  2-3  (Continued) 


Organics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table) 
Collected  in  AREEs  2  and  5 


ID 

RBC’ 

bgs 

{ft)  : 

Benzbtc 

Am 

6^5) 

liWhalate 

Wg) 

Di-n-butyl 

Phthaferte 

(pg/g) 

sutfate 

(p&S) 

Matbylena 

(pg/g) 

PCB-124& 

Wa) 

PCB‘’t254 

7BB 

31,0® 

46 

7® 

85 

msaf’ 

0.16 

MW-68 

10 

ND 

ND 

0.40 

ND 

ND 

ND 

ND 

20 

0.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-70 

5 

ND 

ND 

0.54 

3.90 

ND 

ND 

ND 

ND 

10 

0.01 

ND 

0.49 

3.60 

ND 

ND 

ND 

ND 

MW-71 

5 

ND 

ND 

0.19 

ND 

ND 

ND 

ND 

ND 

10 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-72 

5 

ND 

ND 

0.81 

3.70 

ND 

ND 

ND 

ND 

10 

ND 

ND 

1.10 

4.30 

ND 

ND 

ND 

ND 

15 

0.02 

ND 

1.® 

3.50 

ND 

0.01 

ND 

ND 

MW-73 

5 

ND 

ND 

0.21 

ND 

ND 

ND 

ND 

ND 

10 

ND 

ND 

0.22 

ND 

ND 

ND 

ND 

ND 

15 

ND 

ND 

0.74 

ND 

ND 

ND 

ND 

ND 

MW-74 

5 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

15 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-74 

15 

ND 

0.68 

ND 

ND 

ND 

ND 

ND 

ND 

5 

0.02 

ND 

ND 

ND 

1 

ND 

ND 

ND 

ND 

■ii 

10 

ND 

ND 

ND 

1  ND 

ND 

ND 

0.36 

0.16 

RISB6 

5 

ND 

ND 

0.23 

ND 

ND 

ND 

ND 

ND 

15 

ND 

ND 

0.23 

ND 

ND 

ND 

ND 

ND 

ND  Not  detected. 

“  The  maximum  detected  concentrations  of  organic  and  inorganic  compounds  were  compared  to  USEPA  Region  III  residential 
RBCs,  in  accordance  with  Region  111  guidance  (USEPA,  1996a).  The  RBCs  are  health-protective  chemical  concentrations  that 
are  back-calculated  using  toxicity  criteria,  a  1x10'®  target  risk  level  or  a  0.1  hazard  Index,  and  consen/ative  exposure 
parameters. 

®  The  RBC  for  endosulfan  vras  used. 

®  Value  is  for  carcinogenic  PCBs. 

-  No  value  available. 


Table  2-3  (Continued) 


inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREEs  2  and  5 


Sdfni^lO 

Site  BaciQFOund* 

kISEIS 

11111111 

AltBtifnum 

Bailutn 

Serylfum 

CMdum 

Wa) 

ChromitBfl 

Wo) 

78.8 

.  1.02 

454 

25.8 

TP-3A 

9.4 

15,000 

ND 

0.963 

200 

14.2 

TP-3B 

7 

20,700 

53.3 

0.609 

436 

26.1 

TP-4A 

6 

15,800 

375 

2.44 

8,820 

24.4 

TP-4B 

4 

9,480 

66.6 

1.08 

535 

22.8 

Sample  10 

Site 

Background^ 

O^hbgs 

{ft) 

Oa(K(t 
■  (Mi'g) 

Copper  . 
Wg) 

iron 

(pg^g) 

teed 

(pg/g) 

MegfiestMm 

(ra/g) 

m 

27,600 ; 

3,700 

TP-3A 

9.4 

6.82 

6.36 

14,300 

ND 

1,150 

TP-3B 

7 

6.79 

10.4 

16,700 

12.5 

2,340 

TP-4A 

6 

23.2 

47.0 

40,400 

113 

1,960 

TP-4B 

4 

7.40 

13.0 

18,000 

18.9 

1,250 

Sample  ID 

V 

Manganese 

Wg) 

Nlck!^. 

(j^g) 

Potassiam 

(pg/§) 

Sodium 

(p&b) 

Vanadwm 

(pg/g> 

SHe  Background* 

m 

17.9 

624 

■  m 

^,6 

463 

TP-3A 

9.4 

134 

7.59 

583 

413 

Til 

30.3 

7 

143 

9.04 

846 

465 

46.1 

42.5 

TP-4A 

6 

3,270 

16.8 

1,230 

1,190 

44.3 

416 

TP-4B 

4 

211 

9.41 

892 

453 

49.4 

66.2 

ND  Not  detected. 

®  Site  background  concentrations  are  based  on  WRF  maximum  background  concentrations  for  samples  MW-52  through  MW-54, 
each  at  two  depths. 


Table  2-3  (Continued) 


Organics  Detected  in  Test  Pit  Samples  Collected  in  AREES  2  and  5 


ID 

Depth  bss 

h^ethyfene  CNoncte 
(m3/9> 

RBC* 

6& 

TP-3A 

9.4 

ND 

TP-3B 

7 

0.010 

TP-4A 

6 

0.03 

TP-4B 

4 

0.01 

ND  Not  detecteii. 

®  USE  PA  Region  III  residential  risk-based  concentration  (RBC)  values. 


Table  2>3  (Continued) 

Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREEs  2  and  5 


Albtfuinum 

Arsenic 

Barkim 

Cadmium 

Csddum 

(Kfl/f.) 

(M0/L) 

Smpie  10 


MW-68  Round  2 


MW-70 


MW-70  Round  2 


MW-71 


MW-71  Round  2 


MW-71  DUP 


MW-72 


MW-72  Round  2 


MW-74  Round  2 


MW-81 


MW-81  Round  2 


MW-82 


MW-82  Round  2 


MW-83 


Table  2-3  (Continued) 


Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREEs  2  and  5 


S«t)plelD 

Cccper 

Iron 

load 

(jig/y 

Manganeso 

tiliSket 

{jag/y 

SKe 

a.9 

W 

aa 

7,720 

m 

16,4 

MW-1 

ND 

127 

15.9 

706 

ND 

ND 

MW-2 

ND 

45.9 

ND 

5,700 

388 

ND 

MW-3 

ND 

829 

ND 

5,880 

203 

ND 

MW-4 

8.3 

4,290 

25.7 

2,470 

104 

28.1 

MW-5 

ND 

14,600 

15.5 

4,640 

74.5 

ND 

MW-68 

ND 

75.8 

ND 

837 

32.1 

ND 

MW-68  Round  2 

ND 

98.3 

3.3 

677 

14.4 

ND 

MW-70 

ND 

157 

ND 

2,890 

153 

ND 

MW-70  Round  2 

ND 

188 

1.2 

2,230 

95.6 

ND 

MW-71 

ND 

ND 

ND 

2,160 

46.3 

ND 

MW-71  Round  2 

ND 

126 

2.9 

2,390 

45.5 

ND 

MW-71DUP 

ND 

ND 

ND 

2,140 

44.5 

ND 

MW-72 

ND 

144 

6.6 

1,790 

70.1 

ND 

MW-72  Round  2 

ND 

136 

1.9 

1,580 

34.6 

ND 

MW-73 

ND 

1,310 

ND 

1,380 

80.1 

ND 

MW-73  Round  2 

ND 

558 

1.6 

1,570 

64.2 

ND 

MW-74 

ND 

3,290 

ND 

2,650 

115 

ND 

MW-74  Round  2 

ND 

309 

1.4 

559 

40.4 

ND 

MW-81 

ND 

2,720 

ND 

3,960 

353 

ND 

MW-81  Round  2 

ND 

2.990 

ND 

3,730 

324 

18.8 

MW-82 

ND 

12,500 

ND 

6,440 

547 

ND 

MW-82  Round  2 

ND 

9,520 

ND 

5,890 

491 

ND 

MW-83 

ND 

3,750 

ND 

845 

225 

ND 

HQ 

4,470 

1.4 

801 

275 

ND 

Table  2-3  (Continued) 


Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREEs  2  and  5 


Sample  ID 

Setaniwn 

■  $PdsJtn 

thafflym  ■ 
<pg/L) 

Vanadium 

(PS^> 

Site  Background^ 

20,600 

. . 

4^ 

43»S00 

0.1 

29.3 

46 

MW-1 

ND 

ND 

8,530 

ND 

ND 

51 

MW-2 

1,100 

ND 

3,390 

ND 

ND 

ND 

MW-3 

1,310 

ND 

4,640 

ND 

ND 

ND 

MW-4 

1.260 

ND 

5,610 

0.1 

10.7 

85.4 

MW-5 

1,890 

ND 

26,400 

ND 

ND 

ND 

MW-68 

ND 

ND 

8,710 

ND 

ND 

ND 

MW-68  Round  2 

607 

ND 

9,120 

ND 

ND 

26.3 

MW-70 

ND 

2.5 

17,600 

ND 

ND 

23.9 

MW-70  Round  2 

588 

ND 

9,680 

ND 

ND 

40.0 

MW-71 

714 

ND 

5,350 

ND 

ND 

ND 

MW-71  Round  2 

971 

ND 

4,730 

ND 

ND 

ND 

MW-71  DUP 

648 

ND 

5,170 

ND 

ND 

ND 

MW-72 

ND 

ND 

7,380 

ND 

ND 

24.4 

MW-72  Round  2 

614 

ND 

5,710 

ND 

ND 

33.6 

MW-73 

1,040 

ND 

5,550 

ND 

ND 

21.7 

MW-73  Round  2 

1,530 

ND 

5,440 

ND 

ND 

ND 

MW-74 

868 

3.1 

25,600 

ND 

ND 

25.9 

MW-74  Round  2 

966 

ND 

18,200 

ND 

ND 

ND 

MW-81 

3,740 

2.5 

5,910 

ND 

ND 

ND 

MW-81  Round  2 

7,520 

2.6 

6,580 

ND 

ND 

ND 

MW-82 

3,230 

ND 

34,300 

ND 

ND 

ND 

MW-82  Round  2 

2,890 

2.5 

27.700 

ND 

ND 

22.8 

MW-83 

1,290 

ND 

3,360 

ND 

ND 

ND 

MW-83  Round  2 

1.430 

ND 

3,230 

ND 

ND 

ND 

ND  Not  detected. 

*  Site  background  concentrations  are  based  on  WRF  maximum  background  concentrations  for  groundwater. 
^  Round  2  sampling  was  conducted  in  March,  1996. 


Table  2-3  (Continued) 


Organics  Detected  in  Groundwater  Samples  Collected  in  AREEs  2  and  5 


SatrtildelD 

l-Mettiyt 

napMiatene 

44i«6thyl 

Pftenol 

(wEUi) 

.  W 

Alddn  i 

Anthracite 

m-} 

Ber^zoic 

Acid 

BHC 

JtBC* 

110 

n 

110 

0^  1 

.  1.100 

10,000 

MW-1 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-4 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-5 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-68 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-68  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-70 

ND 

ND 

ND 

ND 

0.177 

ND 

ND 

MW-70  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-71 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-71  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-71  DUP 

ND 

ND 

ND 

ND 

ND 

ND 

0.006 

MW-72 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-72  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-73 

ND 

ND 

ND 

ND 

0.203 

ND 

ND 

MW-73  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

0.008 

MW-74 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-74  Round  2 

ND 

ND 

ND 

0.010 

ND 

ND 

0.008 

MW-81 

ND 

3.6 

ND 

ND 

2.91 

7.3 

ND 

MW-81  Round  2 

ND 

11 

ND 

ND 

ND 

25 

0.008 

MW-82 

3.38 

ND 

6.49 

0.009 

1.32 

ND 

ND 

MW-82  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

0.033 

MW-83 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-83  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

0.008 

Note:  PCB  1016  was  detected  in  sample  from  MW81  during  Round  2  sampling  at  a  concentration  of  2.93  pg/L. 


Table  2-3  (Continued) 


Organics  Detected  in  Groundwater  Samples  Collected  in  AREEs  2  and  5 


me* 


MW-1 


MW-2 


MW-3 


MW-4 


MW-5 


MW-68 


MW-68  Round  2 


MW-70 


MW-70  Round  2 


MW-71 


MW-71  Round  2 


MW-71  DUP 


MW-72 


MW-72  Round  2 


MW-73 


MW-73  Round  2 


MW-74 


MW-74  Round  2 


MW-81 


MW-81  Round  2 


MW-82 


MW-82  Round  2 


MW-83 


MW-83  Round  2 


Omtm-BHO 

{UnHam} 

Wl) 


ND 


ND 


ND 


ND 


ND 


ND 


0.007 


ND 


;  PMfiaiate 

Salf^ 

57,000 

22 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1  0.016 

ND 

0.016 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

5.3 

0.033 

ND 

ND 

ND 

ND 

ND 

ND 

EndosuMan 


Table  2-3  (Continued) 


Organics  Detected  in  Groundwater  Samples  Collected  in  AREEs  2  and  5 


Samite  [D 

<3amirei 
Chtordane 
■  (Pfia.) 

H^acWer 

Phenarrthrena 

((iga.) 

Phenol 

pyrene  ; 
(pga.)  ; 

RBC* 

150 

0.052 

0.0012 

18 

11(f 

2>20D 

110 

MW-1 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-4 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-5 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-68 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-68  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-70 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-70  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-71 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-71  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-71  DUP 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-72 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-72  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-73 

0.023 

ND 

ND 

ND 

ND 

1  ND 

ND 

MW-73  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-74 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-74  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-81 

0.041 

ND 

ND 

ND 

2.77 

5.9 

ND 

MW-81  Round  2 

ND 

ND 

ND 

ND 

ND 

14 

ND 

MW-82 

0.052 

0.012 

0.035 

ND 

4.03 

ND 

0.551 

MW-82  Round  2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-83 

ND 

ND 

ND 

0.012 

ND 

ND 

ND 

MW-83  Round  2 

ND 

ND 

1  ND 

ND 

ND 

ND 

ND 

ND  Not  detected. 

*  Groundwater  RBC  values  are  from  USEPA  Region  III  Tap  Water  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based  on 
hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 

^  The  RBC  for  pyrene  was  used  as  a  surrogate  for  non-carcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 
-  No  value  available. 


Table  2-3  (Continued) 


Inorganics  Detected  in  Sediment  Samples  Collected  from  AREEs  2  and  5 


Sampfe  iO 

Site 

Sact^Found* 

AiunlEnufn 

WS) 

Bacium 

Wa) 

ChrenButn 

W9) 

cobalt 

wa) 

IS, 900 

iTB 

1.38 

6,000 

33.7 

21.4 

iliiiii 

36,SQ0 

RISD11 

13,700 

ND 

ND 

3,060 

21.4 

10.2 

20.7 

24,500 

R1SD12 

13,200 

ND 

1.38 

4,440 

21.2 

13.1 

29.2 

20,400 

RISD13 

14,700 

ND 

1.26 

4.380 

28.8 

20.1 

35.6 

26,200 

Sampte  ID 

$rte 

Background* 

lead 

li/t^neslum 

li/tanganese  ^ 

wa) 

Nbke{ 

llllilllP 

PotassHjm 

Sodium 

Vanadium 

Zinc 

422 

3,740 

1,690 

x;  30.3 

2,120 

1,710 

54.1 

168 

RISD11 

ND 

2,140 

284 

15.4 

1,060 

2,650 

47.6 

85.5 

RISD12 

ND 

2,460 

287 

19.1 

969 

2,450 

60.9 

100 

RISD13 

35.3 

3,200 

874 

22.5 

1,610 

1,530 

64.4 

139 

ND  Not  detecteid. 


Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  sediment  samples. 


Table  2-3  (Continued) 


Organics  Detected  in  Sediment  Samples  Collected  from  AREEs  2  and  5 


Sampfe  : 
to 

RBC*" 

ihaterte 

(HQ/g) 

•ttiateiw 

(t>g4l) 

. 

Acen^h 

-Silyene 

Aeefonei 

: 

A^l«t 

•chloriJane 

iiiiiiii 

ill^i 

Ben2o{a> 

an»irae«ie 

8en2o(a)  ; 
pyrene 

\ 

eetaepj)  ; 
jfluoranff^ene 

230!’ 

ascf 

.  470 

225'’ 

• 

0.49 

2,300 

0.88 

0.088  : 

0.88 

RISD11 

0.479 

ND 

0.867 

ND 

ND 

ND 

0.331 

0.016 

ND 

ND 

RISD12 

2.41 

ND 

1.59 

ND 

ND 

ND 

0.979 

0.026 

0.198 

0.132 

RISD13 

ND 

ND 

ND 

ND 

0.05 

ND 

0.102 

0.024 

0.036 

0.07 

Swnpte  )0 

RBC’ 

Benzo(g,hj) 

perylene 

Bj»izo{k^uor;;; 

W0} 

6ehzcH(!^ 

Ac^ 

he)(yl}phaialata 

Chrysene 

W9) 

CNjc»'dane 

(pg'g) 

ODD 

DDE 

W&) 

Dibenzo(a;h)a 

rrthracene 

^malate 

(M9/9) 

2S& 

8.8 

46 

0.49 

2.7 

1.9 

O.effiB 

6800 

RISD11 

0.162 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

RISD12 

ND 

0.07 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

RISD13 

ND 

0.021 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Sarnpte  ID 

RBC’ 

Ruoranthj^e 

; 

Pluorene 

(pg/g) 

OammshChlDfdane 

{f#g) 

lndeno(18^3^)p 

yrena 

WQi 

Naphthalene 

wg) 

PCB-12S3 

<pg^) 

Phenanthnene 

iiHiiliii 

Pyrene 

imi 

310 

310 

0.04S 

088 

310 

0.083'’ 

230?’. 

230 

iiiiiiii 

RISD11 

ND 

ND 

ND 

1.11 

ND 

ND 

0.103 

35.6 

RISD12 

0.095 

ND 

ND 

0.66 

1.88 

ND 

ND 

0.081 

57.8 

RISD13 

0.07 

0.151 

ND 

0.069 

ND 

ND 

ND 

0.159 

ND 

ND  Not  detected, 

®  Sediment  RBC  values  are  from  USEPA  Region  III  Residential  Soil  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based  on  a 

hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 

^  The  RBC  for  pyrene  was  used  as  a  surrogate  for  non-carcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 

Value  is  for  carcinogenic  PCBs. 

-  No  value  available. 


Table  2-3  (Continued) 


Inorganics  Detected  in  Surface  Water  Sampies  Collected  from  AREEs  2  and  5 


SaffifSe  (D 

Site 

Bad^reuntf 

A)«i9iBum 

(tigA.) 

MU 

Barium 

Cadmfura 

Cateium 

Chramwm 

Copper 

(ugrt.) 

Jf(81 

; 

tead 

1,9^5 

1.4 

41.6 

ND 

22^ 

••  10.6  1 

NO 

2^0  •  . ; 

1.9 

RISW11 

1,800 

ND 

ND 

ND 

3,470 

ND  1 

ND 

2,110 

1.2 

RISW12 

2,100 

ND 

ND 

ND 

3,920 

ND  1 

ND 

2,770 

1.6 

RISW13 

3.460 

ND 

54.3 

ND 

183 

ND  1 

6.1 

4.110 

5.2 

Backgaxwjnd*^ 

Ma^eaum 

((igfl.) 

Ma^anaae 

(figfl.) 

mcm 

Potassium 

Seleraum 

(ligA,) 

Sodium 

WL) 

Ttiailsim 

1  li^riadium 

i  1 

Zm 

(pgA.) 

7,S0G 

^3 

m 

3.670 

m 

10,500 

ND 

ND 

ND 

RISW11 

1,840 

56.1 

ND 

2,650 

ND 

2,480 

ND 

I  ND 

ND 

RISW12 

2.070 

91.2 

ND 

2.910 

ND 

3,320 

ND 

ND 

ND 

RiSW13 

6.310 

183 

ND 

4.490 

ND 

13.800 

ND 

10.8 

ND 

ND  Not  (detected. 

*  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  surface  water  samples. 


Table  2-3  (Continued) 


Inorganics  Detected  In  Surface  Water  Runoff  Samples  Collected  In  AREEs  2  and  5 


y«un«num 

Ars«tic 

Barium 

Cadmium 

CafltSum 

ChKwaum 

iim  j 

(ttgft.) 

(i«4) 

(M9^> 

SWR010 

2,570 

1.2 

86.3 

0.1 

7,020 

ND 

SWR011 

30,200 

2.9 

178 

0.6 

6,880 

40.9 

SWR012 

1,080 

ND 

72.1 

ND 

6,220 

ND 

Iron 

lead 

Magne^um 

Mar>ganBse 

NfclSBi 

Polasaum 

&««-) 

{pg/L) 

(pgyL) 

SWR010 

ND 

15,800 

5.3 

4,610 

863 

ND 

1,250 

SWR011 

33.0 

31,100 

45.9 

4,640 

571 

16.1 

6,240 

SWR012 

ND 

20,790 

1.3 

4,450 

1,390 

ND 

1,920 

Sample  ID 


Sodium 


ThalBum 


Vanadium 


SWR010 

9,720 

ND 

12.2 

27.2 

SWR011 

1,460 

0.4 

82.5 

723 

SWR012 

5,640 

ND 

ND 

86.0 

Not  detected. 


Table  2-3  (Continued) 

Organics  Detected  in  Surface  Water  Runoff  Samples  Collected  In  AREEs  2  and  5 


fO 

Anttracene 

ms. 

DOT 

(ftg/i) 

gndosuif^ 

(ms^) 

Fhjoranthene 

Pyrene 

■  wi) 

SWR010 

ND 

ND 

ND 

0.105 

0.023 

ND 

0.161 

0.012 

0.018 

ND 

0.022 

0.137 

SWR011 

SWR012 

ND 

ND 

ND 

0.495 

ND 

ND 

Not  detected 


Table  2-4 


Summary  of  Rl  Results  for  AREE  3  and  6A  -  Potential  Dump  Nos.  3  and  6A 


liitedlaSamf^ed* 

NuFTdser  cS  Samples 

Compounds/Anai^es  O^ecdeet 
above  LOG* 

Summary  of  Fate  ^  Transport 

Surface  Soil 

12 

Ai,  As,  Be.  Cr,  Cu,  Na.  Ni.  K,  Pb. 

Se 

Infittration/percolation  through  soil 

Subsurface  Soil 
(0-2  feet  bgs) 

1 

As,  Cr,  Pb,  k.  PCB-1248,  PCB- 
1254,  V 

infiltration/percolation  through  soil 

Subsurface  Soil 
(2  ft.  to  water  table) 

2 

None 

Infittration/percolation  through  soil 

Test  Pits 

12 

AI,  Ba,  Be,  Ca,  Cd,  Cr,  Co,  Cu,  Fe, 
Pb,  Mg,  Ni.  K.  Sb,  V,  2n 

Former  potential  dumping  area’s 

Groundwater  -  Round  1 

1 

Fe,  Mg 

Discharge  to  surface  water 

Groundwater  -  Round  2 

1 

Fe,  Mg 

Sediment 

1 

None 

Stormwater  runoff  to  surface 
water/sediments 

Surface  Water 

1 

None 

Stormwater  runoff  to  surface 
water/sediments 

Surface  Water  Runoff 

2 

None 

Stormwater  runoff  to  surface 
water/sediments 

Surface  soil,  subsurface  soil,  test  pit,  and  groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PC Bs,  and  TAL 
metals.  If  PCBs  were  detected,  the  laboratory  was  instructed  to  analyze  for  PCTs.  Surface  soil  and  groundwater  samples  were  also 
analyzed  for  PAHs. 

LOG  -  Level  of  Concern.  Refers  to  either  the  WRF  site  background  maximum  concentrations  for  Inorganics  or  USEPA  Region  III 
residential  risk-based  concentrations  (RBCs)  for  organics. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  3  and  6A 


5iampfe  10 


Barlurn 


14,350 


6,630 


6,720 


10,100 


BeryHium 


0.314 


CdUCAum 

.imm 


i.tso 


Chramturn 

im) 


31,3 


RISS11 


R1SS11DUP 


RISS12 


RISS17 


RISS18 


RiSS19 


RISS20 


R1SS21 


RISS21DUP 


RISS22 


RISS23 


0.804 

280 

26.4 

7.25 

0.721 

26 

0 

17.8 

10.4 

0.520 

288 

17.4 

12.8 

0.576 

235 

21.4 

7.52 

0.695 

215 

24.9 

7.65 

0.518 

286 

18.4 

4.49 

0.444 

461 

14.9 

3.96 

0.458 

252 

17.7 

3.70 

0.777 

477 

23.7 

6.35 

0.881 

530 

26.9 

6.96 

0.825 

152 

28.0 

6.00 

0.682 

450 

23.5 

5.94 

Nickel 

875 

119 

100 

11.4 

67.2 

9.36 

79.3 

9.12 

53.8 

8.84 

227 

6.36 

49.6 

6.93 

49.5 

6.67 

39.9 

5.65 

55.8 

10.3 

67.7 

12.0 

69.3 

11.3 

65.5 

9.21 

Table  2-4  (Continued) 

Inorganics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  3  and  6A 


ID 

Potas^m 

-  Seteoiiiro 

.  SodiwB 

Vanediifltf 

(ra# 

^Sl9) 

Sit?  Backgrouhcf 

14^ 

407 

43,9 

RISS10 

1,020 

ND 

496 

45.3 

36.9 

RISS11 

533 

ND 

426 

22.0 

19.5 

RISS11DUP 

504 

ND 

426 

21.9 

21.1 

RISS12 

651 

ND 

487 

31.7 

24.1 

RISS17 

628 

ND 

446 

43 

28.6 

RISS18 

922 

ND 

482 

31.4 

29.1 

RISS19 

930 

ND 

421 

29 

27.9 

RISS20 

707 

ND 

455 

33 

25.9 

RISS21 

844 

17.7 

534 

40.7 

42.4 

RISS21DUP 

950 

20 

535 

47.1 

46.7 

RISS22 

1,080 

24.5 

544 

53.2 

40.6 

RISS23 

1  958 

ND 

500 

38.3 

37.2 

ND 


Not  detecteci. 

Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  surface  soil  samples  MW-52 
through  MW-54and  RISSBK1  through  RISSBK5. 


Table  2-4  (Continued) 

Organics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  3  and  6A 


SonptelO 


RISS21DUP 


RISS22 


RISS23 


Acena{M)en« 


ftntf»rac«>e 

(W3/3> 


B«nzo(a)«»thracei«i  ■ 
(wj/g) 


Benz(Ka)|:^€Re 

<ra/g) 


BeascKb)* 

flaejfwrthens 


SmptelD 

etvtene 

Hocrwjthene 

(us^g) 

Fjuorar^ena 

WS) 

iflien(i(1,2B-<5d)- 

Wui 

(wa/g) 

RBC*  . 

23C^ 

6.$ 

46 

m 

Q.S9 

■■  $5 

RISS10 

ND 

ND 

ND 

ND 

ND 

0.020 

RISS11 

ND 

ND 

8.20 

ND 

ND 

0.010 

RISS11DUP 

ND 

ND 

0.970 

ND 

ND 

0.010 

RISS12 

ND 

ND 

ND 

ND 

ND 

ND 

RISS17 

ND 

0.003 

ND 

0.015 

ND 

0.020 

RISS18 

ND 

0.004 

ND 

0.012 

0.005 

0.020 

RISS19 

0.015 

0.006 

ND 

0.011 

0.012 

ND 

RISS20 

ND 

0.003 

ND 

0.024 

ND 

ND 

RISS21 

ND 

0.003 

ND 

0.004 

0.005 

ND 

RISS21DUP 

ND 

0.002 

ND 

0.004 

ND 

ND 

R1SS22 

ND 

ND 

ND 

ND 

ND 

ND 

RISS23 

ND 

0.002 

ND 

0.005 

ND 

ND 

Table  2-4  (Continued) 

Organics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  3  and  6A 


SaffiptelO 

Pfiffliartlsrwie 

(pg/s) 

RBC* 

310 

m 

RISS10 

ND 

ND 

ND 

RISS11 

ND 

ND 

ND 

RISS11DUP 

ND 

ND 

ND 

R1SS12 

ND 

ND 

ND 

RISS17 

ND 

ND 

0.011 

RISS18 

ND 

ND 

ND 

RISS19 

1.82 

0.191 

ND 

RISS20 

ND 

ND 

0.009 

RISS21 

ND 

ND 

ND 

R1SS21DUP 

ND 

ND 

ND 

RISS22 

ND 

ND 

ND 

RISS23 

ND 

ND 

ND 

ND  Not  detected. 

®  The  maximum  detected  concentrations  of  organic  and  inorganic  compounds  were  compared  to  USEPA  Region  ill  residential  RBCs,  in 

accordance  with  Region  III  guidance  (USEPA,  1996a).  The  RBCs  are  health-protective  chemical  concentrations  that  are  back-calculated 
using  toxicity  criteria,  a  1x1 0‘®  target  risk  level  or  a  0.1  hazard  index,  and  conservative  exposure  parameters. 

The  RBC  for  pyrene  was  used  as  a  surrogate  for  noncarcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREEs  3  and  6A 


Sample  >0 

Alumtnmt 

tpgiS) 

Atsewc  1 
(raifs) 

iiiiiiiiiiiii 

Catcfom  1 
{pg®  1 

Site  Background* 

I  18,200 

m  j 

t02 

454  1 

25.0 

MW-69 

1  16,000 

2.85  1 

51.9 

0.71 

282  1 

25.3 

ID 

Cotsflt  1 
W9) 

Copper 

li 

Lead 

(pg4f> 

M^neslQR) 

Manganese 

Mercuty 

1^9  j 

16,S  1 

2im 

11.$ 

3.70$ 

llllllllll 

— 

MW-69 

8.2orp 

11.6  I 

26,200 

13.8 

1,630 

86.9 

ND 

Sample  ID  j 

Nlok^ 

Setemutn 

Sodium 

Vanadium 

23nc 

1 

(i^a) 

WO) 

(Wpg) 

Ojg/o) 

Site  Background*  | 

17,9 

25,8 

45.3  ; 

behhii 

9.88 

764 

15.5 

453 

44.2 

36.7 

ND  Not  detected. 

*  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  subsurface  soil  samples. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREEs  3  and  6A 


Site 

Baokflrouncf 

Deptlijjgs 

m 

^uraniffo 

Antimony 

Bairn) 

(pg^5) 

(i«/g> 

ClwwniOT 

:  : 

I  I 

i>02 : 

2B.Q. 

25 

1,480 

ND 

ND 

ND 

ND 

4.11 

27 

659 

ND 

ND 

ND 

ND 

2.13 

SOTpfe  ID 

Site 

Backgrouncf 

If 

Copper 

(wg/g) 

(Fon 

(W3^g> 

Lead 

(pg/g) 

:  Magnesium 
(Mg^g) 

Manganese 

£tl^3> 

t3.9 

16.9 

27, em 

11.8  ; 

1  3,700  • 

617  : 

MW-69 

25 

ND 

2.30 

1,620 

ND 

442 

15.4 

27 

ND 

1.06 

836 

ND 

182 

7.56 

Sanpte  10 

MteKet 

Ptrtasaum 

Silver  1 

Sodium 

Vanadium 

anc 

Oepmbgs 

(ft) 

(ra£g> 

Ws) 

£Hg(g>  1 

Wg) 

(ra/g) 

{PE^g) 

Site  Backgrouncf 

1 

17.9 

624 

ND  1 

9^ 

26.6.: 

.*  46.3  : 

MW-69 

25 

ND 

248 

ND  1 

305 

4.93 

6.55 

27 

ND 

156 

ND  1 

317 

ND 

ND 

ND 


Not  detected. 

Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  subsurface  soil  samples. 


Table  2-4  (Continued) 

Organics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREEs  3  and  6A 


Swnpte  IP 

1 

1  jihtha^e '  1 

j 

DOT 

(l^S> 

Ws) 

£ndosuljai  Solfsie  | 

1 

,  Metfwxyphlor 

Ws) 

RBC’ 

1  46  f 

1.9 

— 

47  1 

39 

MW-69 

1  1 

ND 

ND 

0.02  1 

ND 

SsffTipte  10 

1  PC8-1249  1 

R0B-12S4 

TP«,4E»0as 

(Mg^g)  1 

£t^g) 

(PE^g) 

RBC’ 

1  1 

1DQ 

109 

MW-69 

1  1 

ND 

ND 

ND 

ND  Not  detecteij 

*  The  soil  RBC  values  are  from  the  USEPA  Region  III  Residential  RBCs  (USEPA,  1996a).  RBCs  for  noncarclnogenic  chemicals  are 

based  on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  HI  guidance. 

^  Value  is  for  carcinogenic  PCBs. 


Table  2-4  (Continued) 

Organics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREEs  3  and  6A 


RBC’ 

■ 

Acetone 

(yg# 

Bei^ic  ^ 
Acf^ 

Bisf2-etoyy 

im) 

DNJ-bufyt 

Phttwtete 

(PS^g) 

Endosi^an 

Ws} 

M^yter« 

Ct)lorfde 

PCM254 

#9/5) 

nn 

TBD 

31*000  1 

46 

—  ... 

4t 

m  \ 

O.Q83’ 

0.16 

MW-69 

25 

0.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

27 

0.02 

ND 

ND 

ND 

0.03 

ND 

ND 

ND 

ND  Not  detected, 

“  USEPA  Region  III  residential  risk-based  concentration  (RBC)  values. 

^  The  RBC  for  endosulfan  was  used. 

Value  is  for  carcinogenic  PCBs. 

No  value  available. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Test  Pit  Sampies  Coliected  in  AREE  3  and  6A 


yyurainam 

AiafrBwiy 

Arsenic 

.(ps4i) 

Ben^ltofo 
'r'-!,  (ra/g> 

Cadirtum  : 
6jgi<g) 

|0^2ftbgs) 

14,:^ 

ND 

NO 

Site  Baet^FQund* 

1S,20& 

m 

m 

73.8 

i’cffi 

NO 

TP-13A 

6.5 

6,410 

ND 

ND 

ND 

0.612 

ND 

TP-13B 

5.0 

5,610 

ND 

ND 

ND 

0.614 

ND 

TP-14A 

4.0 

10,600 

ND 

ND 

48.8 

_ lilij 

ND 

4.0 

7,890 

ND 

ND 

ND 

0.895 

ND 

TP-14B 

7.0 

5,590 

ND 

ND 

ND 

0.721 

ND 

TP-15A 

1.0 

12,200 

ND 

ND 

ND 

0.562 

ND 

TP-15B 

4.0 

12,900 

0.522 

NA 

64.8 

0.444 

1.02 

TP-16A 

3.0 

15,500 

ND 

ND 

ND 

0.312 

ND 

3.0 

15,900 

ND 

NA 

52.2 

0.549 

ND 

TP-16B 

3.33 

9,550 

ND 

ND 

52.4 

0.848 

ND 

TP-17A 

6.0 

12,300 

ND 

ND 

506 

0.725 

ND 

TP-17B 

0.0 

18,300 

ND 

ND 

ND 

0.754 

ND 

Table  2-4  (Continued) 

Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  3  and  6A 


Sample  ID 

P9/g 

Chwmiuin 

(pg^} 

Cc^alt 

Copper 

Iren 

11 

Ste  Bacskgrqumf 
^2  It  fags} 

51.3 

16,0 

12.6 

26,100 

22.4 

Site  Bad^round* 
(^^-warterlabte) 

25.0 

16.9 

27;8a> 

418  . 

TP-13A 

6.5 

489 

19.0 

20.3 

6.68 

7,320 

ND 

TP-13B 

5.0 

359 

15.7 

21.5 

7.03 

7,810 

ND 

TP-14A 

4.0 

179 

17.6 

6.89 

7.61 

21,000 

12.1 

TP-14ADUP 

4.0 

129 

13.7 

6.87 

10.6 

12,200 

13.9 

TP-14B 

7.0 

142 

12.1 

3.70 

5.19 

6,930 

ND 

TP-15A 

1.0 

941 

34.5 

11.1 

50.3 

67,300 

67.0 

TP-15B 

4.0 

21,500 

26.0 

4.78 

15.8 

20,400 

24.0 

TP-16A 

3.0 

913 

25.0 

4.94 

22.1 

24,400 

17.0 

TP-16ADUP 

3.0 

743 

25.2 

3.81 

13.0 

16,700 

19.5 

TP-16B 

3,33 

1,150 

19.7 

7.32 

36.9 

18,600 

49.8 

TP-17A 

6.0 

836 

27.2 

24.1 

26.6 

18,300 

9.52 

TP-17B 

0.0 

242 

24.1 

5.68 

11.0 

30,400 

11.6 

Table  2-4  (Continued) 

Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  3  and  6A 


Sample  ID 

Depth  bgs 
(ft) 

^^agnesiura'' 

lijtanganese 

Nickel 

Potassium 

[  Sodium 

V^adtum 

Zinc 

site  Baeicgroutuf 
{0-2Rbg$) 

L:::..::v:S7S:” 

11,9 

JfP  •• 

^Bll 

..  43,9 

Site  B«jkgroun<f 

mr 

17,9 

624 

933 

25,8 

45.3 

TP-13A 

6.5 

2,110 

184 

16.4 

647 

626 

28.9 

41 .4 

TP-13B 

5.0 

1,620 

201 

10.5 

535 

459 

19.2 

28.0 

TP-14A 

4.0 

1,110 

59.6 

7.29 

456 

447 

33.4 

34.4 

4.0 

1,080 

50.2 

6.09 

335 

512 

25.3 

26.3 

TP-14B 

7.0 

661 

29.0 

3.61 

289 

404 

20.2 

21.0 

TP-15A 

1.0 

1,410 

158 

35.7 

635 

449 

43.1 

242 

TP-15B 

4.0 

1,180 

303 

9.88 

830 

644 

34.4 

610 

TP-16A 

3.0 

1,780 

67.5 

9.81 

1,170 

444 

40.4 

350 

TP-16ADUP 

3.0 

1,660 

50.6 

9.06 

1,290 

391 

41.3 

159 

TP-16B 

3.33 

1,510 

56.3 

7.74 

626 

456 

42.9 

189 

TP-17A 

6.0 

3,880 

138 

17.3 

727 

610 

44.0 

41.4 

TP-17B 

0.0 

1,150 

48.7 

7.72 

905 

458 

38.5 

32.2 

ND  Not  detected. 

NA  Not  available. 

*  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  surface  soils  (0-2  ft.  bgs)  and 

subsurface  soils  {2ft. -water  table). 


Table  2-4  (Continued) 

Organics  Detected  in  Test  Pit  Sampies  Collected  in  AREE  3  and  6A 


Sampfle  (D 

Sarizo(a)anthrac8na 

Benzo(a)pi9'«ie 

(pjfijiftj) 

Banzo(b}fluca<»ithena  ' 

BenztKkWuoranaiene 

wsi) 

o.oaa 

0,8$ 

6,$ 

TP-13A 

ND 

ND 

ND 

ND 

TP-13B 

ND 

ND 

ND 

ND 

TP-14A 

ND 

ND 

ND 

ND 

TP-14AD 

ND 

ND 

ND 

ND 

TP-14B 

ND 

ND 

ND 

ND 

TP-15A 

ND 

ND 

ND 

ND 

TP-15B 

ND 

ND 

ND 

ND 

TP-16A 

ND 

ND 

ND 

ND 

TP-16AD 

ND 

ND 

ND 

ND 

TP-16B 

0.690 

0.440 

0.640 

0.740 

TP-17A 

ND 

ND 

ND 

ND 

TP-17B 

ND 

ND 

ND 

ND 

Table  2~4  (Continued) 

Organics  Detected  in  Test  Pit  Samples  Collected  in  AREE  3  and  6A 


SaR)|:^e  fO 

F^ojanthene 

(ng^3) 

)n<leno(l,2.3-cdtj' 

PFena 

Wg) 

pwene 

RBC’ 

S8 

310 

Q.8S 

TP-13A 

ND 

ND 

ND 

ND 

TP-13B 

ND 

ND 

ND 

ND 

TP-14A 

ND 

ND 

ND 

ND 

TP-14AD 

ND 

ND 

ND 

ND 

TP-14B 

ND 

ND 

ND 

ND 

TP-15A 

ND 

ND 

ND 

ND 

TP-15B 

ND 

ND 

ND 

ND 

TP-16A 

ND 

ND 

ND 

ND 

TP-16AD 

ND 

ND 

ND 

ND 

TP-16B 

1.20 

0.380 

0.210 

0.480 

TP-17A 

ND 

ND 

ND 

ND 

TP-17B 

ND 

ND 

ND 

ND 

Not  detected. 

USEPA  Region  III  residential  risk-based  concentration  (RBC)  values  (USEPA  1996).  RBCs  for  noncarcinogenic  chemicals  are 
based  on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREEs  3  and  6A 


Sample  )D 

Altffnimim 

Baltm  : 

Cadroiifli:)  I 

Cateiam 

CPfomhJm 

1 

^s't) 

Site  Background^ 

[  m 

0.&  1 

illllllllll 

aas  i 

MW-69 

77.2 

1.4 

1  83.1 

ND  1 

11,200 

ND 

MW-69  Round  2 

98.6 

2.2 

1  70.6 

ND  1 

11,400 

ND 

S»npte  10 

Lead 

■I 

Magneeiam 

Manganese 

NiGk^ 

(wgA.) 

Hi 

Wl) 

(raft.) 

Site  BackgnatncJ* 

9,S20 

e.3 

lll^lllll 

iiiiiiiiiii 

18,4  i 

ND 

25,800 

ND 

8,210 

641 

ND 

ND 

■MBPS 

ND 

7,160 

575 

ND 

Sample  10 

1  potassium 

1  {P9^) 

Seteraum 

(pg/L) 

Sodium 

(pg/L) 

Tteflilflin 

(re/i-) 

Vwiadiuin 

(raA,) 

litv 

m.) 

Site  SacKgrouFKf 

1  20,600 

4S.S0O 

’  O.i  ■ 

20,6 

.  w 

MW-69 

1  2,190 

4.7 

38,800 

ND 

ND 

ND 

MW-69  Round  2 

1  2,040 

3.0 

33,400 

ND 

ND 

ND 

ND  Not  detecteid. 

NS  Not  sampled. 

*  Site  background  concentrations  are  based  on  WRF  maximum  background  concentrations  for  groundwater. 

^  Round  2  sampling  was  conducted  in  March,  1 996. 


Table  2-4  (Continued) 

Organics  Detected  in  Groundwater  Samples  Collected  in  AREEs  3  and  6A 


San^le!l> 

narWhateno 

^  4-Mew 
Phenol 

Aeena|Mi>4aie 

Aldrin 

Anthracene 

ivm 

i 

AcW 

(jjg/L) 

ill 

RBC* 

18 

110 

0.004 

1,100 

15,(»0  ; 

MW-69 

ND 

ND 

ND 

ND 

0.25 

ND 

ND 

MW-69  Round  2 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

SamptelO 

^ajTima-BHC  : 
(Lindane) 

■  ((W 

$ie(2rethyl 
hexyO  Phthabte 
fljg/L) 

DOT 

({#•) 

Oimethid 

nrthalatB 

m(L} 

Endosid^n 

Sutfate 

EndoatiMan 

tl 

Endrin 

WI-3 

•RBC 

o.m2  \ 

0,2 

37,000 

22 

11 

MW-69 

ND 

2.4 

ND 

ND 

ND 

ND 

ND 

MW-69  Round  2 

NS  1 

NS 

NS 

NS 

NS 

NS 

NS 

Sampte  iO 

1  Eiuoranfliene 

I  (M9^> 

OatiMBa 

Cblwdane 

Hep^achfcif 

Epoxide 

(pg/i) 

r  Mteifih 

1  (re^> 

1  Rhenanthrene 

1  (P9^) 

Phanr^ 

(|«/L) 

Pyrene 

(M0/I-) 

RBC* 

I  160 

0.0012 

10 

1  110 

2,200 

110 

MW-69 

1  ND 

ND 

ND 

1  ND 

1  ND 

ND 

ND 

MW-69  Round  2 

1  NS 

NS 

NS 

1  NS 

1  NS 

NS 

NS 

ND  Not  detected; 

NS  Not  sampled. 

*  Groundwater  RBC  values  are  from  USEPA  Region  III  Tap  Water  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based  on  hazard 

quotient  of  0.1,  following  USEPA  Region  III  guidance. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Sediment  Samples  Collected  In  AREE  3  and  6A 


SamfSe  (0  , 

Banufin 

((SS'g) 

:  BeryBitflu  [ 

Calcium 

Clwsflfuni 

£»«i/’g> 

.C<*alt  1 
(wa/g)  1 

Cc^par 

Bad^rounif 

1S.200  ; 

1.^ 

20.7  j 

41.0 

13,200 

85.2 

1  0.747  1 

989  1 

25 

8.97  1 

19.6 

Sc^ptelD 

— 

Magna^um 

£l«lifg> 

Mang^ese 

(wg/g) 

if 

Pctossium 

(pg^g) 

SHa 

Baokgimmd* 

34,200 

422 

0740 

1,000 

20.0  i 

2,120: 

RISD10 

13,800 

16.4 

2,600 

92.8 

14.7 

1,130 

Sitvar 

Sociwm 

Vanadium 

Zinc 

(re/g) 

Wg) 

{pg*^) 

Site  Background*  . 

j  m 

52.S 

157 

RISD10 

1  ND 

657 

37.1 

72.5 

ND  Not  detected. 


Site  background  concentrations  are  maximum  concentrations  from  samples  RISDBK-1  through  RISDBK-5. 


Table  2-4  (Continued) 

Organics  Detected  In  Sediment  Samples  Collected  In  AREE  3  and  6A 


RBC’ 

Aeer»|:^the»e  f 

I 

Acetcme 

AntTiracene  i 
Wg)  1 

B0U!o(a) 

iinttwacane 

(t«/g) 

B6nzo(d)pyr^e  i 

470  1 

7B0  1 

2^  1 

RISD10 

ND 

ND  1 

ND  1 

0.031  1 

ND 

0.002  1 

Swnpl?  10 

RBC‘ 

0enz<j(fe) 

itutM'anthene 

eanw(ah,i) 

per>^M»4igi^) 

e««p{k>  1  Cmrysena 

fkioranlhenB  |  (W^g) 

1 

mm 

0.38 

23{f 

8,8  1  88 

2.7  1,9 ; 

RISD10 

0.004 

ND 

0.002  1  ND 

ND  ND 

Samptei  ID 

RBC’ 

ODT 

Oibenzo{3,i)) 

dfithraeana 

fluorarrthene 

tim) 

indeno(1^2,3'  | 

(id)f>yrefie{pg/g3  f 

PCB.1260  1 

(pg/g)  I 

Phenanlhrene 

(Wl# 

Pyrene 

wg) 

:-io; 

IIHEB 

310 

088  1 

0,083’  1 

23Cf’ 

230 

RISD10 

ND 

ND 

0.006 

ND  1 

ND  1 

ND 

ND 

ND  Not  detected. 

*  Sediment  RBC  values  are  from  USEPA  Region  III  Residential  Soil  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based 

on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 

^  The  RBC  for  pyrene  was  used  as  a  surrogate  for  non-carcinoganic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 

Value  is  for  carcinogenic  for  PCBs. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Surface  Water  Samples  Collected  in  AREE  3  and  6A 


SsnptelD 

1  APum&ittra  1 

1  I 

Barium  | 

1 

catcftim 

(tsA.) 

Copper  1 

Son 

$ite 

1  im  \ 

4t.a  j 

nm 

lae 

NO  1 

2,510 

RISW10 

1  1 

ND  1 

2,020 

ND 

ND  1 

705 

SampteJO 

load 

MapnaNum 

Maopanoae 

Poteaaiimi  I 
1 

Sodkiin 

(pg/i) 

1  Vanadium 
j  (pg/i) 

Zinc 

WL) 

Site 

BaoSgrouncf 

t,9 

7,S00 

3oa 

3,670  1 

16,500 

1 

m 

RISW10 

ND  I 

1,250 

28.3 

2,010  1 

1,380 

1  1 

ND 

ND  Not  detected. 

®  Site  background  concentrations  are  from  samples  RISWBK-1  through  RISWBK-5. 


Table  2-4  (Continued) 

Inorganics  Detected  in  Surface  Water  Runoff  Samples  Collected  In  AREE  3  and  6A 


AlwBlmint 

Arsenic 

Ser^m 

Cadmiiuin 

Celclum 

Chfortwum 

fugflU 

(na/U 

SWR05 

19,200 

1.5 

147 

1.0 

6,130 

32.1  1 

SWR09 

12,800 

ND 

55.3 

0.1 

4,160 

20.1  1 

(us^g 

. Leatf . 

w 

Magftfe^um . 

. Msftgisfiese  : 

Nick!^ 

wg 

Potassium 

im) 

65.9 

21,700 

21.9 

5,260 

251 

29.8 

4,400 

1  SWR09 

12.0 

15,100 

8.5 

3,740 

125 

ND 

2,940 

Sam^e  (D 

Sacrum 

wg 

‘Hialitum 

Vanae^um 

wg 

Zmc 

(MOA-) 

SWR05 

5,930 

0.3 

55.3 

456 

SWR09 

5,680 

0.2 

36.0 

51.3 

ND 


Not  detected. 


Table  2-4  (Continued) 

Organics  Detected  In  Surface  Water  Runoff  Samples  Collected  In  AREE  3  and  6A 


Samiite  to 

Anthracene  (pg/L)  ! 

FJuoraWhwie 

Pyrene 

tmfi) 

SWR05 

2.52 

0.033 

0.224 

SWR09 

ND 

ND 

ND 

ND  Not  detected. 


Table  2-S 


Summary  of  Rl  Results  for  AREE  4  -  Former  Dump  No.  4 


l^fediaSaBSfSed’' 

Nuttfiberof  SamjSes 

CorapoBral8/Ana()(tes  DefarSeS 
above  LOG?* 

Somnrary  of  Fate  &  Transport 

Surface  Soil 

4 

Pb,  K,  Na 

Infiltration/percolation  through  soil  to 
groundwater 

Stormwater  runoff  to  surface 
water/sediments 

Subsurface  Soil 
{0-to2-ftbgs) 

5 

Cu,  Na 

benzo(a)pyrene 

Subsurface  Soil 
(2-fl  bgs  to  water  table) 

8 

Ba.  Ca.  Cr,  Co,  Cu,  Mg,  Ni,  K,  V, 

Zn 

Test  Pits 

16 

Al,  Ba,  Be,  Cu,  Cr,  Co,  Cu,  Fe,  Pb, 
Mg,  Ni,  K,  Na,  V,  Zn 

Groundwater 

Round  1  -  5 

Round  2-4 

Co,  Fe,  Mn,  Zn 

Discharge  to  surface  water 

Surface  Water  Runoff 

2 

None 

Storm  water  runoff 

Surface  soil,  subsurface  soil,  test  pit,  and  groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals, 
PCTs,  and  TPH.  Surface  soil  and  groundwater  samples  were  also  analyzed  for  PAHs. 

LOG  -  Level  of  Concern.  Refers  to  either  the  WRF  site  background  maximum  concentrations  for  inorganics  or  USEPA  Region  III 
residential  risk-based  concentrations  (RBCs)  for  organics. 


Table  2-5  (Continued) 

Inorganics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  4 


SamptalO 

Alaminum 

BerylBum 

wa) 

Ohrornum 
(wi/g) . 

CobaH 

Site  Background* 

H3K) 

1,150 

313 

16.6 

RISS13 

8,240 

0.454 

167 

12.8 

3.81 

RISS14 

8,960 

0.524 

172 

15.6 

5.02 

RISS15 

8,640 

0.407 

210 

17.0 

3.64 

RISS16 

8,900 

0.434 

219 

15.0 

3.61 

Saiapteio 

Copper 

iipiiiiiiiiiiii 

Lead 

Maaganesa  . 

•W9) 

Site  BeeligroyRif 

12.5 

zm 

m 

RISS13 

4.04 

10,500 

22.5 

669 

99.2 

R1SS14 

6.56 

12,900 

22.7 

950 

84.4 

RISS15 

4.11 

14,700 

15.9 

684 

134 

RISS16 

6.63 

14,300 

22.3 

721 

64.7 

Sample  )b 

Nlck^ 

iiBiiillWiiiii 

^um 

Vanacfiufrt 

23ftC 

(P9^9) 

jWg) 

Site  Backgrouscf 

119 

lilH 

487 

S8.^ 

43;9 

RISS13 

4.94 

547 

475 

23.1 

20.1 

RISS14 

6.12 

692 

505 

32.2 

24.5 

R1SS15 

4.74 

542 

462 

30.8 

20.8 

RISS16 

5.82 

604 

490 

30.3 

23.6 

ND  Not  detected. 

®  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  surface  soil  samples  collected 

from  MW-52  through  MW>54  and  RISSBK1  through  RISSBK5. 


Table  2-5  (Continued) 

Organics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  4 


Acffliapftaiene 

Acetwft 

{(^ 

Anttraoene 

ivm 

Se0zo(8)8Bithracene 

(M9/3) 

Bartzo(a)pyFeRe 

RBC‘ 

470 

W 

zm 

0.88 

0,0^ 

R1SS13 

ND 

ND 

0.058 

0.003 

0.004 

RISS14 

ND 

ND 

0.034 

0.006 

0.009 

RISS15 

0.931 

ND 

0.014 

0.003 

0.005 

RISS16 

ND 

0.020 

0.055 

0.004 

0.006 

Sarapte  )D 

S«K2X>^}fluora»tiier« 

BeKaj(3,h,i)pejytefie 

Ba»2ti(IOfluorar^ene 

^3^9) 

Chtysene 

RBC’ 

0,8$ 

23C? 

a$ 

$8 

310 

RISS13 

0.008 

ND 

0.004 

0.025 

0.058 

RISS14 

0.012 

0.015 

0.005 

ND 

0.017 

R1SS15 

0.006 

0.008 

0.003 

ND 

0.009 

RISS16 

0.008 

0.012 

0.004 

ND 

0.015 

Sampfei  ID 

Indenc^l  ^2,3<5C^"Pyrene 
(pg/fl) 

K/tethylene  ditorkle 
(pg/g) 

hEaf^thatene 

(pg'g) 

Phenantiirene 

(pg/g) 

g'l 

o.m 

85 

310 

230^^ 

230 

ND 

ND 

0.314 

0.054 

0.032 

0.007 

ND 

ND 

ND 

0.019 

RISS15 

ND 

ND 

ND 

ND 

0.013 

RISS16 

0.004 

0.010 

ND 

ND 

0.013 

ND  Not  detected. 

’  The  soil  and  sediment  RBC  values  are  from  USEPA  Region  III  Residential  Soil  RBCs  (USEPA  1996a).  RBCs  for  noncarcinogenic 

chemicals  are  based  on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 

**  The  RBC  for  pyrene  vwis  used  as  a  surrogate  for  noncarcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 


Table  2-5  (Continued) 

inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREE  4 


Smple  ID 

Bmm 

BeiyllJum 

OeAclm 

Chfomwm 

••  Cotwft 

(99^9) 

Site  Baelgreuntf 

92-4 

0.S14 

1,150 

31.0 

16.6 

MW-64 

12,500 

ND 

0.66 

168 

19.2 

5.78 

MW-65 

9,820 

ND 

0.70 

724 

20.2 

6.30 

MW-65DUP 

7,440 

63.1 

0.46 

955 

13.1 

8.22 

MW-66 

11,500 

50.7 

0.43 

142 

19.3 

5.86 

MW-67 

11,600 

ND 

0.61 

148 

19.2 

4.78 

Sample  to 

lien 

lead 

iiililiPiiiii 

Margeaese 

"  Ni<*et 

liiiiiHiiii 

Wo) 

(MW 

SHe  Bact^round^ 

224 

2,610 

11. & 

MW-64 

10.3 

19,900 

11.3 

1,630 

65.5 

8.80 

MW-65 

13.9 

23,200 

14.7 

1,670 

96.9 

9.16 

MW-65DUP 

7.16 

9,780 

ND 

1,190 

97.6 

8.29 

MW-66 

6.80 

14,500 

10.3 

1,320 

139 

6.53 

UQUomniiiii 

8.68 

18,800 

16.7 

1,180 

65.0 

6.61 

Sample  [D 

Pbtasaum 

W3> 

Selenwtn 

Sodium 

(Mj/g) 

Vanadaim 

Ws> 

ZirKS 

Wg) 

936 

142 

487 

68,9 

43B 

579 

13.0 

357 

38.3 

34.2 

MW-65 

705 

ND 

424 

39.1 

39.3 

MW-65DUP 

445 

ND 

503 

24.3 

21.9 

MW-66 

570 

ND 

470 

32.7 

31.7 

MW-67 

629 

ND 

406 

38.4 

29.4 

ND  Not  detected. 


Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  surface  soil  samples  collected  from 
MW-52  through  MW-54. 


Table  2-5  (Continued) 

Organics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREE  4 


Sample  ID 

BenzoCa^ypene 

Dl-n-twtyl  |:Wwilate 

RBC" 

4$ 

rm 

MW-64 

ND 

ND 

ND 

MW-65 

0.22 

1.20 

4.90 

MW-65DUP 

ND 

2.40 

4.20 

MW-66 

ND 

ND 

ND 

MW-67 

ND 

ND 

ND 

ND  Not  detected. 

*  Soil  RBC  values  are  from  Region  ill  Residential  Soil  RBCs  (USEPA  1 996a).  RBCs  for  noncarcinogenic  chemicals  are  based  on 

a  hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


Table  2-5  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE  4 


Table  2-5  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE  4 


SOhpte  ID 

Site  Bactsground* 

Deleft  bgs 
(ft) 

Manganese 

W9> 

NiCl^ 

Potas^um 

W§} 

Stxiftim 

Vanadium  i 

m? 

1X9 

933  . 

46.3 

MW-64 

15 

141 

21-3 

994 

720 

55.5 

46.5 

20 

344 

5.24 

292 

406 

11.7 

11.5 

MW-65 

10 

24.4 

4.84 

252 

424 

20.8 

14.0 

15 

9.49 

ND 

138 

358 

6.73 

ND 

MW-66 

5 

396 

IM 

335 

386 

22.6 

13.8 

10 

37.0 

ND 

143 

414 

4.72 

7.76 

MW-67 

5 

578 

5.61 

433 

357 

18.3 

16.9 

10 

156 

2.41 

170 

378 

14.7 

10.3 

ND  Not  detected. 

*  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  subsurface  soil  samples  MW-52 

through  MW-54,  collected  at  two  depths. 


Table  2-5  (Continued) 

Organics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE  4 


^hyfha(yf^Mha]ate 

W9) 

7SD 

ND 

ND 

ND 

ND 

1.00 

4.50 

0.84 

4.60 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

RBC* 


m 


fikcmm 


MW-64 


Not  detected. 

The  soil  RBC  values  are  from  Region  III  Residential  Soil  RBCs  (USEPA  1996a).  RBCs  for  noncarcinogenic  chemicals  are  based  on 
hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


Table  2-5  (Continued) 

Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  4 


swnpte  (0 

(R) 

AiuFrtnsim ' 

Bertum 

Caiciam 

Chrofrtum 

SHe  Bact^ouncf 

{0-m 

$^A 

Q,$14  1 

1.450 

$1,3 

Site  SactogfDund* 
(2ft-w^r  table) 

■  1B»200 

73.8 

1.02  j 

4S4 

TP-5A 

5.75 

8,840 

ND 

0.750 

466 

16.3 

TP-5B 

0.0 

10,400 

ND 

0.507 

290 

21.2 

TP-6A 

5.6 

16,800 

53.3 

1.25  ’ 

237 

31.1 

TP-7A 

0.0 

13,900 

ND 

0.916 

528 

21.6 

TP-7B 

6.66 

15,000 

64.6 

0.631 

261 

26.7 

TP-8A 

8.0 

2,680 

ND 

ND 

153 

5.42 

TP-8B 

6.5 

18,600 

222 

1.44 

1,130 

40.8 

TP-9A 

7.0 

4,480 

ND 

ND 

190 

12.8 

TP-9ADUP 

7.0 

5,470 

ND 

0.377 

225 

12.7 

8.0 

17,100 

116 

0.902 

615 

40.1 

8.0 

11,300 

ND 

0.750 

265 

18.1 

TP-1  OB 

0.0 

15,100 

ND 

0.859 

241 

25.6 

TP-11  A 

7.0 

8,790 

ND 

0.237 

505 

26.8 

TP-1  IB 

0.0 

14,700 

103 

1.30 

421 

29.1 

TP-12A 

0.0 

15,900 

ND 

0.871 

200 

26.2 

TP-12B 

7.0 

13,300 

ND 

1.37 

572 

31.6 

Table  2-5  (Continued) 


Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  4 


soflpieJO 

(ft) 

Cobalt 

ivm 

ftOB . 

tesd 

Site  . 

12.6 

22.4  •  ' 

.  ;  .  2,610 

Site  Background* 
■{Sft'Warter  table) 

27,800 

TP-5A 

5.75 

5.26 

5.90 

13,700 

17.3 

773 

TP-5B 

0.0 

5.85 

5.48 

15,900 

18.8 

811 

TP-6A 

5.6 

10.6 

12.3 

19,000 

11.1 

3,140 

TP-7A 

0.0 

5.53 

8.49 

21,200 

19.6 

1,140 

TP-7B 

6.66 

7.01 

15.4 

14,300 

14.3 

2,430 

TP-8A 

8.0 

2.92 

3.35 

2,880 

ND 

459 

TP-8B 

6.5 

15.3 

27.8 

17,600 

12.4 

5,250 

TP-9A 

7.0 

6.47 

5.53 

5,350 

ND 

1,550 

TP-9ADUP 

7.0 

6.19 

5.34 

6,210 

ND 

1,520 

TP-9B 

8.0 

22.9 

27.4 

24,900 

12.6 

5,870 

TP«10A 

8.0 

4.14 

10.5 

31,900 

9.13 

870 

TP-1  OB 

0.0 

5.04 

14.4 

36,700 

14.8 

1,150 

TP-11  A 

7.0 

5.83 

8.36 

12,900 

ND 

3,330 

TP-1  IB 

0.0 

29.0 

100 

31,500 

13.4 

3,770 

TP-12A 

0.0 

6.76 

11.4 

31,200 

15.4 

1,470 

TP-12B 

7.0 

8.19 

22.0 

11,900 

14.8 

3,230 

1 _ 

Table  2-5  (Continued) 

Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  4 


soTupte  10  ■ 

OeiflJtlsge 

tft) 

Manganese 

NieK« 

P<^ssiiffn 

WSl) 

Sodhjm 

Vanadium 

SKe  Bactgrout?£iC.l: 

•  ;■  .11^  ''  ".I 

m 

4$? 

58,S 

43.$ 

Site  Badcground* 

{2  ft-waterteble) 

17.& 

£24 

^.8 

TP-5A 

5.75 

141 

4.68 

521 

364 

29.6 

31.4 

0.0 

115 

5.70 

524 

461 

34.8 

30.4 

TP-6A 

5.6 

85.1 

13.6 

1,010 

520 

47.5 

36.7 

TP-7A 

0.0 

81.3 

7.42 

IM 

506 

39.3 

35.1 

TP-7B 

6.66 

53.4 

11.1 

966 

709 

38.0 

40.5 

TP-8A 

8.0 

48 

2.93 

224 

482 

10.2 

13.8 

TP-8B 

6.5 

121 

31.3 

1,340 

996 

66.7 

61.4 

TP-9A 

7.0 

49.4 

4.98 

254 

627 

20 

21.9 

TP-9ADUP 

7.0 

50.7 

6.65 

279 

669 

20.9 

22.4 

8.0 

124 

29.8 

1,030 

1,540 

64.9 

73.0 

TP-10A 

8.0 

46.6 

5.47 

586 

442 

30.7 

27.0 

TP-1  OB 

0.0 

38.8 

6.16 

751 

278 

49.1 

29.6 

TP-11  A 

7.0 

89.8 

12.3 

952 

523 

28.3 

37.2 

TP-1  IB 

0.0 

182 

19.2 

733 

700 

49.5 

49.2 

TP-12A 

0.0 

134 

8.69 

765 

436 

50.4 

34.8 

TP-12B 

7.0 

60.6 

14.8 

815 

772 

62.3 

57.6 

ND  Not  detected. 

®  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  surface  (0-2ft.  bgs)  and 

subsurface  soil  (2  ft.  bgs  to  water  table). 


Table  2-5  (Continued) 

Organics  Detected  in  Test  Pit  Samples  Collected  in  AREE  4 


SamptetD . . 

Acetcafie 

!^{2- 

phfbatsta 

DDE 

Ma) 

DDT 

CH^hyl 

Rithatete 

(ra# 

wa) 

iJhtortde 

BfBII 

.  760 

46 

6,300 

39 

.  .  es; 

||tP-5A 

ND 

0.300 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.006 

0.004 

ND 

0.004 

ND 

TP-6A 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

TP-6B 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

TP-7A 

ND 

1.200 

ND 

ND 

ND 

ND 

ND 

TP-7B 

0.010 

ND 

ND 

ND 

ND 

ND 

ND 

TP-8A 

0.020 

ND 

ND 

ND 

ND 

ND 

ND 

TP-8B 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

TP-9A 

0.010 

ND 

ND 

ND 

ND 

ND 

ND 

TP-9AD 

0.010 

ND 

ND 

ND 

ND 

ND 

ND 

TP-9B 

0.020 

ND 

ND 

ND 

S  ND 

ND 

ND 

TP-10A 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

TP-1  OB 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

TP-11  A 

ND 

ND 

ND 

ND 

ND 

ND 

0.010 

TP-1  IB 

ND 

ND 

ND 

ND 

ND 

ND 

0.020 

TP-12A 

ND 

ND 

ND 

ND 

ND 

!  ND 

0.020 

TP-12B 

ND 

ND 

ND 

ND 

ND 

ND 

0.020 

ND 


Not  detected. 

The  soil  RBC  values  are  from  USEPA  Region  III  Residential  Soil  RBCs  (USEPA  1996a).  RBC  values  for  noncarcinogenic  chemicals  are 
based  on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


Table  2-5  (Continued) 

Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREE  4 


Sample  10 

Site  Bacttgrouncf 

Alaminutn 

ftrsertc 

im-y 

Barium 

WI-) 

Calcium 

im-} 

12,500 

6J0 

107 

42,2® 

22.3 

MW-64 

1,400 

HD 

50.5 

7,110 

ND 

MW-64  Round  2^ 

89.8 

HD 

37.0 

4,930 

ND 

MW-65 

57.6 

HD 

88.8 

9,090 

ND 

40.2 

HD 

82.0 

8,470 

ND 

MW-65DUP 

83.9 

HD 

87.6 

8,900 

ND 

MW-66 

242 

HD 

38.6 

5,760 

10.7 

MW-66  Round  2 

336 

HD 

38.6 

5,030 

ND 

MW-67 

689 

3.1 

76.4 

3,300 

ND 

MW-67  Round  2 

95.0 

3.6 

63.3 

3,050 

ND 

Sample  ID 

Site  Bs^rouncP 

Cobafi 

rus/t) 

(Mg/t) 

Lead 

WU) 

Macfneaum 

Manganese 

(ijg/i-) 

m 

.  0,620 

6,3 

7,720 

MW-64 

HD 

1,910 

2.00 

4,240 

490 

MW-64  Round  2 

HD 

143 

ND 

3,570 

117 

MW-65 

HD 

261 

ND 

9,660 

115 

MW-65  Round  2 

HD 

330 

ND 

8,870 

63.5 

MW-65DUP 

HD 

304 

ND 

9,460 

112 

MW-66 

HD 

290 

ND 

4,680 

276 

MW-66  Round  2 

HD 

528 

ND 

4,800 

391 

MW-67 

32.3 

10,500 

ND 

4,230 

4,670 

MW-67  Round  2 

24.3 

8,070 

ND 

3,920 

3,730 

Table  2-5  (Continued) 


Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREE  4 


swHpteio 

Nickel 

Rotassittfn 

Selenim 

SoicSum 

.  Src  • 

ivm 

(wa-) 

Site  Backgrouncf 

m4 

4:2 

43,500 

46.0 

MW-64 

16.6 

2,690 

2.9 

16,400 

31.1 

MW-64  Round  2 

ND 

1,070 

ND 

15,700 

105 

MW-65 

ND 

1,320 

5.6 

38,800 

28.2 

MW-65  Round  2 

ND 

1,210 

3.1 

37,400 

ND 

ND 

1,220 

5.7 

38,100 

35.5 

MW-66 

ND 

780 

3.4 

29,600 

38.6 

MW-66  Round  2 

ND 

1,020 

2.1 

26,400 

ND 

MW-67 

ND 

1,290 

ND 

21 ,400 

27.3 

MW-67  Round  2 

ND 

1,450 

ND 

20,400 

26.1 

ND  Not  detected. 

*  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  groundwater  samples. 

^  Round  2  sampling  was  conducted  in  March,  1 996. 


Table  2-5  (Continued) 

Organics  Detected  in  Groundwater  Samples  Collected  from  AREE  4 


RISC*. 

4,15 

MW-64 

ND 

MW-65 

ND 

MW-65DUP 

2.2 

MW-66 

ND 

MW-67 

ND 

ND  Not  detected. 

*  Groundwater  RBC  values  are  from  USEPA  Region  III  Tap  Water  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based  on 

hazard  quotient  of  0.1 ,  follovirtng  USEPA  Region  III  guidance. 


Table  2-5  (Continued) 

Inorganics  Detected  In  Surface  Water  Runoff  Samples  Collected  In  AREE  4 


S^npfe  ID 

Alwnioutn 

Cacfrnira 

Chromwm 

Cc^alt 

WL) 

(wfrt.) 

SWR06 

9,780 

78.2 

0.2 

4,480 

14.0 

ND 

SWR07 

7,010 

138 

0.5 

6,160 

11.5 

21.6 

SswiptelO 

Cp^per 

fWB 

Uad 

■  Maf^aiesf  i 

Rota$$tum 

W 

(wia.) 

im)  .\ 

(MS/E.) 

SWR06 

7.1 

10,900 

15.9 

2,760 

187 

1  ND 

3,280 

SWR07 

9.8 

12,300 

25.4 

5,520 

321 

1  19.3 

2,620 

■Sample  ID 


SelerHum 

(Mg/t) 


SocfiUEft 

Wt,) 


Vanai^um 

(ms4) 


Zmc 

(pg/l) 


SWR06 


ND 


2.540 


0.1 


30.0 


42.5 


SWR07 


2.3 


13,600 


0.1 


27.4 


112 


ND 


Not  detected. 


Table  2-5  (Continued) 

Organics  Detected  In  Surface  Water  Runoff  Samples  Collected  In  AREE  4 


Smp^  ID 

Anttracew 

DDD,pf’ 

Pymrw 

(pg/L> 

WP 

SWR06 

0.485 

ND 

ND 

0.029 

ND 

3.80 

0.010 

0.009 

0.044 

0.214 

ND 


Not  detected. 


Table  2-6 


Summary  of  Rl  Results  for  AREE  6B  -  Potential  Dump  No.  6B 


Media  Samj^ed’ 

Numfeer  of  Samples 
Cdlet^ati 

Compoonds/Anal^eetletefaeO 
above  LOG* 

Sumroaty  of  Fate  &  TfSBisport 

Surface  Soil 

1 

K 

Infiltration/percolation  through  soil  to 
groundwater 

Stormwater  runoff  to  surface 
water/sediment 

Subsurface  Soil 
(0-to  2-ft  bgs) 

2 

None 

Subsurface  Soil 
(2-fl  bgs  to  Water  Table) 

5 

Ca.  Co,  V 

Test  Pits 

6 

Al,  Ba,  Ca,  Cr,  Cu.  Fe,  Pb,  Mg,  Ni, 

K,  Na,  V 

Groundwater  -  Round  1 

3 

heptachlor  epoxide 

Discharge  to  surface  water 

Groundv^rater  -  Round  1 

3 

None 

Surface  soil,  subsurface  soil,  and  groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  and  TPH. 
If  PCBs  were  detected,  the  laboratory  was  instructed  to  analyze  for  PCTs.  Surface  soil  samples  were  also  analyzed  for  PAHs. 

LOG  -  Level  of  Concern.  Refers  to  either  the  WRF  site  background  maximum  concentrations  for  inorganics  and  USEPA  Region  III 
residential  risk-based  concentrations  (RBCs)  for  organics. 


Table  2-6  (Continued) 


Inorganics  Detected  in  Surface  Soil  Sample  Collected  in 

AREE  6B 

SoflpfelO  Ar$«ite 

Saffum 

caiciwR 

wa) 

Chromium 

WO) 

Sft9  BacJ^rouncf  14,3S0  3^6 

92.4  0M4 

1,150 

3t3 

RISS24  15,400  0.643 

55.9  0.857 

211 

27.7 

Sample  lO  I  dot>att 

I  (PS'S) 

OoRjw  Jfpo  I  te«l 

(«g^)  Wfl)  (wi'g) 

Magnesium 

WSI) 

Manganese 

W9) 

Site  Background*  |  . 

12.6  ^,100  1  22.4 

2,610 

676 

RISS24  I  7.99 

15.5  37,300  1  15.1 

1350 

40.2 

Sample  ID 

Nickel  I  Potassium 

(P94i)  I  6^9/9) 

Seleruum 

SoEfium  1  Vanatium 

(Hg/g}  (MB's) 

Zinc 

11.9  I  93& 

467  •  1  68,9 

469 

. 

R1SS24 

7.98  I  692 

17.8 

448  1  52.3 

32.0 

ND 


Not  detected. 

Site  background  concentrations  are  based  on  WRF  maximum  site  background  concentrations  for  surface  soil  samples  from  MW-52 
through  MW-54  and  RISSBK1  through  R1SSBK5. 


Table  2-6  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREE  6B 


SonpTelO 

imm 

Betylftum  i 

; 

Chporraum 

C(«elt 

Coffer  i 

: 

■1 

Leact 

(»^9> 

Sit?  Bacttgrwncf 

H36Q 

0.S14 

iiilliij 

31.3 

16.6 

12,6 

26.100 

22.4 

MW-60 

9,580 

0.388 

755 

16.6 

ND 

9.17 

24,700 

13.4 

MW-75 

5,760 

0.755 

716 

14.9 

6.04 

9.98 

14,800 

16.9 

SdfnpEeiO 

Magtjesium 

Wo) 

Mar^anes^ 

(|^9> 

kfercttry 

4igfg) 

Ntek^ 
4ig^)  ^ 

Potaaaium  ; 
Wg)  ; 

Sodium  ; 

; 

Vattacfiiffn 

(pg^s) 

Zioc 

{P9^> 

SiteBsKJkgroutKf 

.  .875 

.  NO 

IBIiiiil 

S8.a 

43.g 

MW-60 

674 

22 

ND 

3.1 

313 

440 

41.8 

15.6 

MW-75 

1,440 

106 

ND 

6.36 

482 

463 

30.2 

24.2 

ND  Not  detected. 

®  Site  background  concentrations  are  based  on  WRF  maximum  site  background  concentrations  for  surface  soils  collected  from  MW-52 

through  MW-54and  RISSBK1  through  RISSBK5. 


Table  2-6  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE  6B 


SampfelO 

Sft©  Bactgrouocf 

toga 

(ft) 

ATufBSnom  i 
WO)  ] 

Battum 

WU) 

eefyliww 

(W# 

Dafcfuro  ^ 
WS)  : 

Cfeffwniom 

iiiiiiiiiii 

llijliill 

Copper 

ifcm 

WO) 

18,200  ; 

731.8 

1.02 

454 

25.0 

B 

;;  16.0 

27,800 

MW-60 

20 

5,840 

54.5 

0.429 

1,150 

21.9 

7.06 

14.2 

23,600 

35 

1,660 

ND 

0.618 

403 

3.85 

61.0 

6.85 

15,200 

MW-75 

5 

4,300 

ND 

0.427 

700 

11.8 

5.06 

4.58 

14,900 

15 

2,030 

ND 

ND 

144 

4.77 

ND 

2.43 

1,750 

MW-75DUP 

5 

3,560 

ND 

0.599 

678 

10.6 

3.16 

4.20 

10,300 

Smiple  ID 

Site  Beottgrouncf 

l)e[pth  bgs 

(ft) 

Lead 

Magnesium 

Wo) 

Manganese 

(wg/s> 

Nickel 

(ps4t) 

Potassitan 

(PS/B) 

i  Soditan 

Vanadium 

2inc 

11,8 

3,700 

617 

17.0 

624 

MW-60 

20 

ND 

3,090 

112 

11 

546 

639 

38.4 

28.8 

35 

ND 

600 

1,020 

6.5 

289 

424 

13.5 

15.7 

MW-75 

5 

9.68 

706 

87.4 

3.53 

271 

525 

22.4 

11.9 

15 

ND 

431 

12.6 

ND 

183 

454 

7.16 

6.41 

5 

ND 

634 

82.4 

3.32 

243 

547 

20.9 

10.7 

ND  Not  detecteid. 

®  Site  background  concentrations  are  based  on  WRF  maximum  site  background  concentrations  for  subsurface  soils  collected  from  MW- 

52  through  MW-54,  at  2  depths. 


Table  2-6  (Continued) 

Organics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE  6B 


Sample  Id 

RBC* 

Depth  ^ 

m 

Acatone 

:  B«ize(a)|:^ene 

imy 

BIS(2- 

phthalate 

ODT 

780 

46 

MW-60 

20 

ND 

ND 

ND 

ND 

35 

ND 

ND 

ND 

ND 

MW-75 

5 

0.08 

ND 

ND 

ND 

15 

0.02 

0.24 

0.23 

ND 

MW-75DUP 

5 

ND 

ND 

ND 

0.01 

Not  detected. 

Soil  RBC  values  are  from  US  ERA  Region  III  Residential  Soil  RBCs.  RBCs  for  noncarcinogenic  chemicals  are  based  on  a  hazard 
quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


Table  2-6  (Continued) 

inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  6B 


JO 

Depth  bgs 

m 

AltBBimim 

(l^9> 

Barium 

Berylm 

CalcJwfl 

j 

Chromium 

Site  Bw^grouncf 
{Offbfls) 

924 

: 

31.2 

Site  Badcgnsund* 
|2ftfegs) 

•:18^00 

7B.8 

im 

454 

25.0 

TP-18A 

6.6 

5,450 

ND 

ND 

179 

7.03 

TP-18B 

0.0 

10,800 

ND 

0.369 

210 

19.4 

TP-19A 

8.3 

6,810 

ND 

ND 

198 

9.48 

TP-19B 

0.0 

11,000 

54.4 

0.430 

1,280 

20.8 

TP-20A 

5.0 

12,900 

74.0 

0.510 

1,100 

28.9 

TP-20B 

0.0 

16,200 

ND 

0.731 

500 

27.3 

Sappte  10 

OepSttsgs 

Cobat 

Cc^per 

)rwi 

Lead 

fvt^nesfum 

(ft) 

(MSiffl) 

im} 

WB) 

Ste  Sacjcgrwpcf 
<0  ft  togs) 

1S,6 

12.S 

14,^0 

224 

2,010 

Site  Bact^round* 

(2  ft  bgs) 

i3.9 

16.9^ 

28,100 

11B 

3,700 

TP-18A 

6.6 

ND 

2.60 

2,040 

ND 

484 

TP-18B 

0 

5.19 

9.98 

19,300 

19.2 

1,380 

TP-19A 

8.3 

2.71 

4.23 

4,700 

ND 

789 

TP-19B 

0 

7.75 

9.35 

20,500 

17.6 

1,750 

TP-20A 

5 

13.3 

15.0 

18,000 

10.9 

4,240 

TP-20B 

0 

6.58 

14.3 

24,300 

15.5 

2,550 

Table  2-6  (Continued) 

Inorganics  Detected  in  Test  Pit  Samples  Collected  in  AREE  6B 


SwnptelO 

De|AT) 

(ft)  : 

Manganese 

tPcKet 

P(Haesiwn 

Sodium 

(wf^g) 

Vanadium 

wg) 

2lnc 

(1*9/9} 

Sif6  Backirountf 
(Oft  bgs) 

875 

11.9 

936 

487 

58.9 

43.9 

Site  Backgrouncf 
(2  ft  bgs) 

617 

11^^ 

624 

^3 

25,8 

46.3 

TP-18A 

6.6 

14.7 

3.29 

326 

331 

8.26 

8.62 

TP-18B 

0 

93.9 

6.40 

809 

384 

37.9 

29.2 

TP-19A 

8.3 

22.3 

3.45 

384 

458 

16.0 

14.3 

TP-19B 

0 

140 

9.00 

716 

450 

38.8 

35.6 

TP-20A 

5 

205 

19.0 

1,190 

929 

40.4 

38.5 

TP-20B 

0 

83.7 

10.6 

1,090 

650 

48.8 

34.3 

ND  Not  detected. 

®  Site  background  concentrations  are  based  on  WRF  site  background  maximum  concentrations  for  surface  (0-2  ft.  bgs)  and 

subsurface  (2  ft.  bgs  -  water  table)  soils. 


Table  2*6  (Continued) 

Organics  Detected  in  Test  Pit  Samples  Collected  in  AREE  6B 


ID 

(ftj 

Acetone 

(W(^9> 

8i8{2-ethyihexyi)- 

plttttolsfe 

(ng/g) 

DDT 

wg) 

RBC* 

.45 

39 

TP-18A 

6.6 

0.020 

3.50 

ND 

ND 

TP-18B 

0 

ND 

ND 

ND 

0.004 

TP-19A 

8.3 

0.020 

0.220 

ND 

ND 

TP-19B 

0 

ND 

0.220 

ND 

ND 

TP-20A 

5 

ND 

3.20 

ND 

ND 

TP-20B 

0 

ND 

ND 

0.006 

ND 

ND  Not  detected. 

®  USEPA  Region  III  residential  risk«based  concentration  (RBC)  values.  RBCs  for  noncarcinogenic  chemicals  are  based  on  a  hazard 

quotient  of  0.1 ,  following  USEPA  Region  III  guidance. 


Table  2-6  (Continued) 

Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREE  6B 


SwnptelO 

Aluminum 

Barium 

CaiciiTO 

iron 

Magne^um 

(MSfflL) 

WL) 

(pg^) 

Background^ 

.107 

«,200 

7,720  i 

MW-60 

2,620 

27.5 

5,290 

3,470 

4,960 

MW-60  Round  2 

918 

ND 

4,170 

3,340 

3,660 

MW-75 

47.3 

ND 

4,450 

1,440 

2,940 

MW-75  Round  2 

133 

ND 

3,250 

2,770 

2,910 

MW-75DUP 

55.5 

ND 

4,390 

1,420 

2,900 

MW-75DUP  Round  2 

NS 

NS 

NS 

NS 

NS 

SwnpteiO 

ii^ganese 

Petes^um 

Sedkjm 

Zinc 

(pg/L) 

Site  Backgrouncf 

3S4 

20.000 

43,S00 

46,0 

MW-60 

281 

1,560 

13,200 

ND 

MW-60  Round  2 

215 

733 

8,860 

ND 

MW-75 

139 

997 

10,400 

22.9 

MW-75  Round  2 

117 

1,200 

9,440 

ND 

MW-75DUP 

138 

1,060 

10,200 

ND 

MW-75DUP  Round  2 

NS 

NS 

NS 

NS 

ND 

Not  detected. 

NS 

Not  sampled 

Site  background  concentrations  are  based  on  WRP  maximum  site  background  concentrations  in  groundwater. 


Table  2-6  (Continued) 

Organics  Detected  in  Groundwater  Samples  Collected  in  AREE  6B 


Srapfe  ID 

£tli[y)iteK^)|:dithd(ate 

ODE 

DDT 

(W 

RBC* 

||®||||||||ii|||| 

370 

43  ^ 

Q20 

0,20  :i 

MW-60 

2.48 

16 

3.6 

0.024 

0.019 

MW-60  Round  2 

ND 

ND 

ND 

ND 

ND 

MW-75 

ND 

ND 

2.3 

ND 

ND 

MW-75  Round  2 

ND 

ND 

32 

ND 

ND 

MW-75DUP 

ND 

ND 

3.2 

ND 

ND 

MW-75DUP  Round  2 

NS 

NS 

NS 

NS 

NS 

ISSjllil^ 

Sutfate 

EtidoatiEfan  H 

Fluoranthene 

Gamma-Chkjrditfie 

Kfef^WorlpoJdde 

(ijgfl.) 

(P9^> 

wf-) 

RBC* 

0,052 

.  00012 

MW-60 

0.027 

0.021 

0.034 

0.008 

0.088 

MW-60  Round  2 

ND 

ND 

ND 

ND 

ND 

MW-75 

ND 

ND 

ND 

ND 

ND 

MW-75  Round  2 

ND 

ND 

ND 

ND 

ND 

MW-75DUP 

ND 

ND 

ND 

ND 

ND 

MW-75DUP  Round  2 

NS 

NS 

NS 

NS 

NS 

ND  Not  detected. 

NS  Not  sampled 

•  Groundwater  and  surface  water  RBC  values  are  from  USEPA  Region  111  Tap  Water  RBCs.  RBCs  for  noncarcinogenic  chemicals  are 

based  on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  guidance. 

^  The  RBC  for  pyrene  was  used  as  a  surrogate  for  noncarcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 

The  RBC  for  endosulfan  was  used. 


Table  2-7 


Summary  of  Preliminary  R1  Results  for  AREE  7  -  Former  Pistol  Range 


ftfedia  Samf^ed’ 

Nurr^erof 

Compounds^Analyl^s 
above  LOC? 

Summaty  of  Pate  a  Trstfi^rt 

Surface  Soil 

1 

Al,  Be,  Cu,  Fe,  Se 

Infiltration/percolation  through  soil  to 
groundwater 

Stormwater  runoff  to  surface 
water/sediment 

Subsurface  Soil 
(0-to  2-feet  bgs) 

1 

None 

Subsurface  Soil 
(2-feet  bgs  to  Water  Table) 

2 

None 

Groundwater 

Round  1  - 1 

Round  2  - 1 

None 

Discharge  to  surface  water 

Surface  soil  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PC Bs,  TAL  metals,  and  TPH.  If  PCBs  were  detected,  the 
laboratory  was  instructed  to  analyze  for  PCTs.  Subsurface  soil  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PC  Bs,  TAL 
metals,  PCTs,  and  TPH.  Groundwater  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PC  Bs,  TAL  metals,  PAHs,  PCTs, 
and  TPH. 

LOC  -  Level  of  Concern.  Refers  to  either  the  WRF  site  background  maximum  concentrations  for  inorganics  or  USEPA  Region  III 
residential  risk-based  concentrations  (RBCs)  for  organics. 


Table  2-7  (Continued) 

Inorganics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  7 


sampfeio 

Alttftiinum 

111^^ 

Ghromiutn 

Cobalt 

1  (ra#  : 

Wb) 

(re/g) 

Site  Beckgrouhcf 

[  14,350  1 

0,514  ’5’  1 

1,150 

31,3 

•  15.6  - 

RISS25 

1  13,500  I 

0.739  1 

191 

22.1 

5.47 

Sample  ID 

Cc^per 

Iron 

Magrteelom 

Mariganeae 

(re/g) 

(pg^B) 

(i«/g) 

Site  Bacitgrouncf* 

12.5  1 

S5>100 

22,4 

2,610 

875 

RISS25 

11.1  1 

22,900 

14.7 

1,570 

87.2 

Sample  ID 

Nlckei 

Pelaaaiuttt 

Selenium 

Sodium 

Vanadiuti 

anc 

(pg^s) 

4»g^) 

Site  BscKgrouncf 

11,9 

9c®  I 

14,2 

487 

58,9 

43.9 

R1SS25 

8.92 

1,110 

14.1 

481 

39.5 

33.6 

ND  Not  detectei^. 

*  Site  background  concentrations  are  based  on  WRF  maximum  site  background  concentrations  for  surface  soli  samples  collected  from 

MW-52  through  MW-54and  RISSBK1  through  RISSBK5. 


Table  2-7  (Continued) 

Organics  Detected  in  Surface  Soil  Samples  Collected  in  AREE  7 


Sanopte  ID 

S6n2d(a)pyr«ne 

(|jg/9) 

BaK2!o^)ftuorarttl«na  | 

Wg)  ^  ^  J 

Fiuorartheifr 

RBC“ 

j  0,088 

^,8  I 

310- 

RISS25 

I  0.002 

0,002 

0.001  I 

0.003 

USEPA  Region  III  residential  risk-based  concentration  (RBC)  values.  RBCs  for  noncarcinogenic  chemicals  are  based  on  a  hazard 
quotient  of  0.1,  following  USEPA  Region  III  guidance. 


Table  2-7  (Continued) 

inorganics  Detected  in  Subsurface  Soil  Samples  (0  to  2  ft  bgs)  Collected  in  AREE  7 


Sample  to 

Aluminum 

W5) 

Batium 

(re/g) 

Csddutn 

(re^g) 

Cthromtttm 

Cob^t 

Copper 

(t^g) 

Ws) 

lilillllll 

0.014 

1,1^3 

31.3 

ma 

i2,a 

28,100 

MW-59 

11,900 

52.5 

0.65  1 

437.00 

20.80 

7.43 

12.1 

1  18,200 

Sample  ID 

lead 

(pg^) 

MagneeMm 

Mwjgeoese  | 
(P3^)  1 

PoteealwTi 

(pg/g) 

$odfum 

(pg/g) 

Vanadium 

tpa^g) 

■1 

Site 

Background* 

224 

2,010 

1 

11.2 

936 

llllllllllll 

58.9 

432 

IQ 

12.0 

1,730 

98.9  1 

9.05 

599  1 

374 

36.8 

32.5 

ND  Not  detected. 

“  Site  background  concentrations  are  based  on  WRF  maximum  site  background  concentrations  for  surface  soils  collected  from  MW-52 

through  MW-54  and  RISSBK1  through  RISSBK5. 


Table  2-7  (Continued) 

Inorganics  Detected  in  Subsurface  Soil  Samples  (2  ft  bgs  to  Water  Table)  Collected  in  AREE  7 


Sample  ID 

bgs 

m 

(ijg/0)  . 

C^rdKiium 

Cob^ 

Copier 

Site  Background^  ; 

18,200 

25.0 

13.9 

16j9i 

MW-59 

25 

1,030 

ND 

3.62 

ND 

2.50 

29 

2,700 

290 

8.97 

2.66 

5.22 

Sample  lO 

(ft) 

iron 

Nickel 

Pota^um 

Site  Bac^round^ 

27,800 

3,700 

617 

..  1X9 

624 

MW-59 

25 

I  1,160 

200 

9.59 

ND 

125 

29 

1  3,530 

790 

25.5 

4.21 

217 

Sample  ID 

Depth  bgs 

(ft) 

Sodium 

Van£Ktlum 

23nc 

Site  Bacl^raund^ 

^.8 

46.3 

MW-59 

25 

256 

4.82 

ND 

29 

370 

9.12 

11.2 

ND  Not  detecte(d. 

*  Site  background  concentrations  are  based  on  WRF  maximum  site  background  concentrations  for  subsurface  soils  collected  from 

samples  from  MW-52  through  MW-54. 


Table  2-7  (Continued) 

Inorganics  Detected  in  Groundwater  Samples  Collected  in  AREE  7 


Sampfe  10 

Akimtnum 

.  ^g/L)...: 

Barium 

Cateium 

(pg/L) 

■ 

njsoo 

107 

MW-59 

483 

25.4 

3,370 

346 

MW-59  Round  2 

185 

30.7 

4,190 

180 

Sample  10 

Magnesium 

Manganese 

Potassfum 

S^iwn' 

wy 

(NS'y 

(W 

tPSA.) 

Site  Background* 

7720 

354 

^20,600 

43,500 

MW-59 

2,410 

54.1 

947 

8,070 

MW-59  Round  2 

2,480 

65.7 

1,010 

8,300 

Site  background  concentrations  are  based  on  WRF  maximum  site  background  concentrations  in  groundwater. 


HUMAN  HEALTH  RiSKAgSES$IV;ENT  1 

3.1  PURPOSE  AND  APPROACH 

This  section  of  the  FFS  presents  the  HHRA,  which  evaiuates  the  probability  and  magnitude  of 
adverse  effects  on  human  heaith  associated  with  actual  or  potential  exposure  to  site-related  chemicals  at 
out  of  the  WRF.  As  discussed  in  Section  2.0  and  shown  in  Figure  2-19,  OU1  consists  of  AREEs  1 
through  5,  6A,  6B,  and  7,  which  are  the  former  dump  areas  and  former  pistol  range,  all  located  on  about 
24  acres  in  the  southwest  portion  of  WRF.  OU1  is  bounded  on  the  south  by  the  Occoquan  Bay,  on  the 
west  by  lake  drive,  and  on  the  east  by  Deephole  Point  Road.  Brief  descriptions  of  the  individual  AREEs 
at  OU1  are  discussed  below,  however.  Section  2.0  should  be  referred  to  for  a  more  complete  description 
of  each  AREE. 

AREE  1  is  a  0.4  acre  former  dump  site  located  on  the  southern  portion  of  the  facility.  The  landfill 
was  used  as  a  dumping  site  for  construction  debris  including  scap  metal,  concrete,  and  miscellaneous 
debris.  Some  capacitors  may  have  been  buried  there  prior  to  closure  of  the  landfill.  AREEs  2  and  5  are 
sites  of  former  landfills  where  transformers,  capacitors,  and  metal  debris  were  buried.  These  disposal 
areas  are  located  adjacent  to  each  other,  and  the  proximity  of  these  AREEs  to  each  other  is  such  that 
they  were  considered  to  be  one  study  area.  AREE  3  is  approximately  100  feet  by  25  feet  and  is  located 
south  and  west  of  the  ephemerial  pond  on  the  east  side  of  Lake  Drive.  The  burial  of  debris,  such  as 
wood,  lead-coated  wire,  paper,  and  plastic  at  AREE  3  reportedly  began  in  1966  and  continued  until  the 
area  was  covered  with  soil  in  1973  (Weston,  1992).  AREE  4  is  a  former  dump  site  where  debris,  such  as 
wire,  wood,  concrete,  pipe  insulation,  and  empty  oil  drums,  were  dumped  from  the  late  1950s  until  1973 
when  the  dump  was  covered  with  dirt  (Weston,  1992).  AREE  6A  is  a  former  dump  area  located  west  of 
Deephole  Point  Road  and  south  of  Lake  Drive.  Contents  of  previous  disposal  at  AREE  6A  are  unknown. 
AREE  6B  is  also  a  former  dump  located  west  of  Deephole  Point  Road,  east  of  Marumsco  Creek,  and 
immediately  south  of  AREE  7.  Disposed  materials  at  AREE  6B  have  included  metal  debris.  Finally, 
AREE  7  is  a  former  pistol  range  located  at  the  intersection  of  Deephole  Point  Road  and  Shady  Lane. 
The  range  was  used  for  small  arms  firing  on  a  semi-annual  basis  during  the  1970s. 

This  focused  risk  assessment  is  based  on  groundwater,  surface  and  subsurface  soil,  sediment, 
and  surface  water  data  collected  from  OU1  during  the  Rl  conducted  in  1995/1996,  and  sediment  and  test 
pit  data  collected  by  Earth  Tech  in  1993.  This  risk  assessment  is  consistent  with.  Section  300.430(d)(4) 
of  the  NCP  (40  CFR  300),  which  directs  that  a  Baseline  Risk  Assessment  be  conducted  “to  characterize 
the  current  and  potential  threats  to  human  health  and  the  environment  that  may  be  posed  by  contami¬ 
nants  migrating  to  groundwater  or  surface  water,  releasing  to  air,  leaching  through  soil,  remaining  in  the 
soil,  and  bioaccumulating  in  the  food  chain.”  This  section  of  the  NCP  was  applied  to  the  WRF  OU1  risk 
assessment,  in  which  human  health  effects  associated  with  site-related  chemicals  in  specific  media 
(groundwater,  surface  soil,  subsurface  soil,  sediment,  and  surface  water)  were  evaluated.  This  risk 
assessment  has  been  prepared  to  be  consistent  with  guidance  and  standards  developed  by  the  U.S. 
Environmental  Protection  Agency  (USEPA,  1986a,b,  1989a,b,  1991a,  1992a,b,c,  1996a).  In  addition,  the 
methodologies  for  conducting  the  risk  assessment  have  been  discussed  with  USEPA  Region  III  and  the 
VADEQ  in  correspondence  and  a  meeting. 

The  remainder  of  this  risk  assessment  is  organized  as  follows; 

•  Identification  of  COPCs  (Section  3.2).  The  chemicals  detected  in  groundwater,  surface  soil, 
subsurface  soil,  sediment,  and  surface  water  are  identified  and  discussed.  The  analytical 
data  are  summarized  by  presenting  the  frequency  of  detection  and  the  range  of  detected 
concentrations  in  site  and  background  samples.  COPCs  are  selected  for  quantitative  evalu¬ 
ation  in  the  human  health  risk  evaluation  based  on  an  evaluation  of  the  data,  a  comparison 
of  maximum  site  concentrations  to  USEPA  Region  III  RBCs,  and  a  comparison  of  site  and 
background  concentrations  for  inorganic  chemicals. 

•  Human  Exposure  Assessment  (Section  3.3).  The  potential  pathways  through  which  individu¬ 
als  may  be  exposed  to  COPCs  in  groundwater,  surface  soil,  subsurface  soil,  sediment,  and 
surface  water  are  discussed  and  exposure  pathways  are  selected  for  evaluation.  The 
chemical  concentrations  at  the  points  of  potential  exposure  are  presented  for  each  pathway 
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selected  for  quantitative  evaluation.  Assumptions  are  made  for  the  magnitude,  frequency, 
and  duration  of  exposure  for  each  pathway  and  potential  exposures  (intakes)  are  then 
quantified. 

•  Toxicity  Assessment  (Section  3.4).  The  potential  toxicity  of  chemicals  to  humans  and  the 
chemical-specific  health  effects  criteria  to  be  used  in  the  quantitative  assessment  are 
presented. 

•  Risk  Characterization  (Section  3.5).  Quantitative  risk  estimates  are  developed  for  each 
exposure  pathway  selected  for  evaluation  by  combining  the  toxicity  criteria  with  estimated 
intakes  of  potentially  exposed  individuals. 

•  Uncertainties  (Section  3.6).  Major  sources  of  uncertainty  in  the  HHRA  are  discussed. 

•  Summary  and  Conclusions  (Section  3.7).  The  HHRA  is  summarized  and  the  conclusions  are 
presented. 

3.2  IDENTIFICATION  OF  CHEMICALS  OF  POTENTIAL  CONCERN 

This  section  of  the  risk  assessment  discusses  the  methodology  used  to  summarize  the  data 
(Section  3.2.1)  and  the  methodology  used  to  select  COPCs  for  detailed  evaluation  in  the  HHRA  (Section 
3.2.2).  The  summarization  of  data  and  the  selection  of  COPCs  are  then  presented  for  each  medium  in 
Sections  3.2.3  through  3.2.7.  Finally,  a  summary  of  the  COPCs  selected  in  all  media  is  provided  in 
Section  3.2.8. 

3.2.1  Methodology  for  Data  Summary 

The  first  step  in  the  risk  assessment  process  was  to  summarize  the  analytical  data  collected 
during  the  Rl.’  The  following  steps,  which  are  in  accordance  with  USEPA  (1989a)  guidance,  were  used 
to  summarize  the  analytical  data  for  this  risk  assessment: 

•  Analytical  data  were  summarized  by  environmental  medium  (i.e.,  groundwater,  surface  soil, 
subsurface  soil,  sediment,  and  surface  water).  The  data  summary  for  each  environmental 
medium  is  described  later  in  this  section. 

•  Analytical  data  were  compared  to  blank  (laboratory,  field,  and  trip)  concentration  data.  If  the 
detected  concentration  in  a  site-related  sample  was  less  than  10  times  (for  common 
laboratory  contaminants)  or  five  times  (for  all  other  compounds)  the  concentration  in  the 
corresponding  blank  sample,  the  sample  was  qualified  with  a  B,  indicating  that  the  analyte 
was  found  in  the  method  blank  (laboratory)  or  quality  control  (QC)  blank  (field  and  trip)  as 
well  as  the  sample.  In  accordance  with  USEPA  Region  III,  B-qualified  data  were  rejected 
and  were  not  used  to  determine  the  arithmetic  mean  of  detected  concentrations. 

•  Data  from  duplicate  samples  (samples  collected  from  the  same  sample  location  at  the  same 
time)  were  averaged  together  and  treated  as  one  result.  If  a  chemical  was  detected  in  only 
one  of  two  duplicate  samples,  the  detected  value  was  averaged  with  one-half  the 
quantitation  limit  of  the  nondetect  sample,  and  the  result  was  counted  as  one  detect  sample. 

•  Mean  chemical  concentrations  for  a  given  medium  were  calculated  by  averaging  the 
detected  concentrations  with  one-half  the  detection  limit  of  the  nondetect  sample.  One-half 
the  detection  limit  is  typically  used  in  RAs  (USEPA,  1989a)  when  averaging  non-detect 
concentrations  because  the  actual  value  can  be  between  zero  and  a  value  just  below  the 
detection  limit.  This  procedure  also  was  used  when  the  non-detect  sample  quantitation  limit 
was  two  or  more  times  higher  than  the  maximum  detected  concentration  in  that  medium. 
The  uncertainties  associated  with  using  one-half  the  detection  limit  for  non-detects  will  be 
discussed  in  the  uncertainty  section  of  the  report  (Section  3.6). 


■’ll  should  be  noted  that  additional  validation  to  the  data  is  planned,  and  will  be  conducted  by  an  independent  contractor  at  a  later  date. 
The  results  of  the  Data  validation  will  be  incorporated  into  the  Final  FFS. 
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•  Frequency  of  detection  was  calculated  as  the  number  of  samples  in  which  the  chemical  was 
detected  over  the  total  number  of  samples  analyzed  for  the  particular  chemical.  The 
frequency  of  detection  was  determined  after  the  averaging  of  duplicate  sample  results. 

3.2.2  Selection  of  Chemicals  of  Potential  Concern 

Once  the  sampling  data  from  OU1  were  grouped  and  summarized,  COPCs  were  selected.  The 
purpose  of  selecting  COPCs  is  to  identify  those  chemicais  that  are  present  as  a  result  of  past  activities  at 
the  site  and  most  likeiy  to  be  of  concern  to  human  heaith.  Therefore,  a  screening  process  was  used  in 
the  HHRA  to  eiiminate:  (1)  chemicals  present  at  concentrations  below  levels  of  concern  (as  represented 
by  an  RBC  screening):  (2)  chemicals  present  at  or  below  naturally  occurring  background  levels;  or  (3) 
essential  human  nutrients  that  were  present  at  concentrations  below  levels  of  concern.  The  following 
methodology  was  used  to  conduct  these  screenings. 

•  The  maximum  detected  concentrations  of  organic  and  inorganic  compounds  were  compared 
to  USEPA  Region  III  residential  RBCs,  in  accordance  with  Region  III  guidance  (USEPA, 
1996a).  The  RBCs  are  health-protective  chemical  concentrations  that  are  back-calculated 
using  toxicity  criteria,  a  1x10®  target  risk  level  or  a  0.1  hazard  index,  and  conservative 
exposure  parameters.  A  hazard  index  of  0.1,  instead  of  1.0,  was  used  to  ensure  that 
compounds  that  could  combine  to  result  in  a  hazard  index  greater  than  1.0  were  not 
eliminated  from  evaluation.  If  the  maximum  detected  on-site  chemical  concentration  was 
less  than  the  relevant  RBC,  the  probability  of  contracting  cancer  would  be  less  than  1  in  1 
million  and  adverse  non-carcinogenic  effects  would  not  be  expected  to  occur.  As  a  result, 
these  chemicals  were  eliminated  from  further  evaluation. 

Residential  soil  RBCs  were  used  to  screen  chemicals  detected  in  soil,  since  residential 
exposures  were  evaluated  in  the  risk  assessment  (see  Section  3.3).  Because  no  RBCs  exist 
for  sediment  exposures,  residential  soil  RBCs  also  were  used  for  comparison  to  sediment 
concentrations.  Tap  water  RBCs  were  used  to  screen  chemicals  in  groundwater,  and 
because  RBCs  are  not  available  for  surface  water,  tap  water  RBCs  also  were  conservatively 
used  for  comparison  to  surface  water  chemical  concentrations,  even  though  the  surface 
water  from  OU1  is  not  used  for  drinking  water  purposes. 

RBCs  are  not  available  for  four  essential  human  nutrients  (i.e.,  calcium,  magnesium, 
sodium,  and  potassium).  These  chemicals  were  eliminated  as  COPCs  if  they  were  present 
at  concentrations  that  would  not  be  likely  to  cause  adverse  effects  (i.e.,  below  allowable  daily 
intake  [ADI]  levels).  RBCs  are  not  available  for  lead,  since  no  toxicity  criteria  exist  for  this 
chemical.  Therefore,  other  available  lead  screening  criteria  were  used  instead  of  RBCs  for 
the  purposes  of  screening  lead  in  the  risk  assessment.  For  soil  and  sediment,  the  residential 
soil  screening  level  of  400  mg/kg  (USEPA,  1994a)  was  used,  while  for  groundwater  and 
surface  water,  the  lead  action  level  of  15  pg/L  was  used  (USEPA,  1990a).  RBCs  for  all 
chemicals  detected  at  OU1  are  presented  in  Table  3-1  for  groundwater  and  surface  water 
and  Table  3-2  for  soil  and  sediment. 

•  In  accordance  with  USEPA  (1989a),  inorganic  chemicals  present  at  naturally  occurring 
background  levels  may  be  eliminated  from  the  quantitative  risk  assessment.  Therefore,  this 
additional  screening  was  conducted  for  inorganic  compounds  that  were  elevated  above  RBC 
levels.  In  order  to  determine  if  detected  levels  of  inorganic  compounds  present  at 
concentrations  exceeding  RBCs  were  representative  of  naturally  occurring  background 
levels,  on-site  data  were  statistically  compared  to  site-specific  background  data  for  each 
medium  where  at  least  five  site  and  five  background  samples  were  available.  In  cases 
where  fewer  than  five  site  and  five  background  samples  were  available,  a  statistical 
comparison  was  not  conducted,  and  the  inorganic  chemical  was  selected  as  a  COPC. 

The  site  and  background  data  were  first  tested  using  the  Shapiro-Wilks  test  to  determine  the 
distribution  type  of  the  data  sets.  For  normally  or  log-normally  distributed  data,  a  two-tailed 
variance  ratio  test  (the  F  test)  was  performed  to  determine  if  the  variances  of  the  on-site  and 
background  data  sets  were  similar.  If  the  variances  for  the  two  data  sets  were  found  to  be 
similar,  then  the  one-tailed  pooled  variance  t-test  was  considered  appropriate  to  test  for 
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similarity  between  on-site  and  background  levels.  If  on-site  and  background  variances  were 
found  to  differ  significantly,  or  if  the  data  were  determined  to  be  neither  normally  nor  log- 
normally  distributed,  then  a  nonparametric  test  (the  one-tailed  Mann-Whitney  test)  was  used 
to  test  for  similarity  between  on-site  and  background  levels.  All  statistical  tests  were 
performed  using  a  significance  level  of  95%  (alpha  =  0.05)  and  are  described  in  detail  by  Zar 
(1984).  Statistical  tests  for  log-normally  distributed  data  were  performed  using  natural  log- 
transformed  monitoring  data.  Those  inorganic  compounds  that  were  considered  to  be 
statisticaliy  within  background  levels  were  eliminated  as  COPCs. 

In  accordance  with  USEPA  Region  III  policy,  inorganic  compounds  that  were  present  at 
concentrations  within  background  levels,  but  greater  than  their  RBCs,  were  evaluated 
separately  from  risks  associated  with  COPCs  that  both  exceeded  background  and  RBCs. 
Risks  for  these  chemicals  are  presented  in  the  Uncertainty  Section. 

•  Some  analytes  collected  during  the  sampling  events  were  not  presented  nor  evaluated  in  the 
risk  assessment,  including  TPH  (for  which  no  toxicity  criteria  are  available)  and  some  water 
and  sediment  quality  parameters  (e.g.,  moisture  and  TOC  for  sediment  and  subsurface  soil 
samples). 

The  following  sections  summarize  the  groundwater,  surface  soil,  subsurface  soil,  sediment,  and 
surface  water  data  collected  from  OU1  and  used  in  the  risk  assessment.  The  data  summaries  provide 
the  frequency  of  detection,  the  mean  sample  size,  the  arithmetic  mean,  the  range  of  chemical-specific 
detection  limits,  the  range  of  detected  concentrations,  the  relevant  RBCs,  and  the  range  of  background 
concentrations  for  all  detected  chemicals.  Chemicals  that  were  selected  as  COPCs  and  retained  for 
quantitative  evaluation  based  on  the  comparison  to  RBCs  and,  in  some  cases,  a  comparison  of  site 
concentrations  to  background  concentrations,  were  marked  with  an  asterisk  (*)  in  the  data  summary 
table. 

3.2.3  Groundwater 

Two  rounds  of  unfiltered  groundwater  data  were  collected  from  22  newly  installed  wells  at  OU1  to 
determine  whether  contamination  associated  with  the  study  area  had  been  detected  in  groundwater  (i.e., 
MW-59  and  MW-60.  MW-64  through  MW-83).  In  addition,  one  round  of  unfiltered  groundwater  samples 
were  collected  from  11  existing  wells  at  OU1  (i.e.,  MW-1  through  MW-5,  and  MW-7  through  MW-12). 
Groundwater  data  collected  from  the  Direct  Push  samples  collected  by  Earth  Tech  during  the  1993  SI 
were  not  included  in  the  risk  assessment  because  these  are  not  considered  monitoring  wells.  The  results 
of  the  sampling  from  the  previous  round  (for  which  only  limited  analytes  were  analyzed  for)  indicated  that 
acetone  was  detected  at  a  concentration  of  13  ng/L,  far  below  its  tap  water  RBC  (see  Table  3-1  for  tap 
water  RBCs).  All  wells  were  screened  in  the  surficial  aquifer,  thus  all  were  grouped  together  in  the  risk 
assessment.  Groundwater  samples  used  in  the  risk  assessment  were  analyzed  for  target  compound  list 
(TCL)  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs  (in  some  cases,  PCTs  were  only 
analyzed  for  when  PCBs  were  detected). 

As  discussed  in  Section  2.3.1  and  shown  in  Figure  2-20,  four  background  wells  were  installed  at 
WRF,  from  which  two  rounds  of  groundwater  samples  were  collected:  MW-52,  on  the  northwest  side  of 
WRF;  MW-53  and  MW-63,  on  the  northern  boundary  of  WRF,  and  MW-54,  on  the  south  side  of  Bayview 
Road.  These  samples  were  collected  from  areas  that  were  believed  to  be  unaffected  by  past  activities  at 
WRF.  The  range  of  concentrations  for  chemicals  detected  in  background  groundwater  samples  is 
presented  in  the  data  summary  table  (Table  2-1)  to  show  how  the  site  concentrations  compare  to  the 
background  levels.  The  background  inorganics  data  were  statistically  compared  to  site  concentrations  to 
determine  whether  any  of  the  inorganics  detected  in  groundwater  at  OU1  were  within  background  levels. 
Background  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  PCTs,  PAHs,  and  TAL 
metals.^ 


^  It  should  be  noted  that  organic  compounds  were  detected  in  two  of  the  background  groundwater  wells.  However,  as  discussed  earlier 
in  Section  3.2.2,  the  comparison  to  background  vras  conducted  only  for  inorganics,  and  no  organics  were  screened  out  due  to  the 
presence  of  organics  in  background  samples. 
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The  data  summary  for  chemicals  detected  in  groundwater  from  OU1  is  presented  in  Table  3-3. 
As  shown  in  Table  3-3,  31  organics,  primarily  PAHs  and  pesticides,  were  detected  in  groundwater  from 
OU1 .  A  comparison  of  maximum  detected  concentrations  to  tap  water  RBCs  indicated  that  organics 
were  present  at  concentrations  exceeding  respective  tap  water  RBCs.  The  organic  compounds  that  were 
selected  as  COPCs  in  groundwater  were  aldrin,  gamma-BHC  (lindane),  dieldrin,  bis(2- 
ethylhexyl)phthalate,  heptachlor,  heptachlor  epoxide,  and  PCB-1016.  In  addition,  delta-BHC  does  not 
have  an  RBC  (since  it  lacks  toxicity  criteria),  thus  it  was  also  selected  as  a  COPC  in  groundwater.  All  of 
the  organic  COPCs  were  detected  infrequently  in  OU1  groundwater  (all  but  bis[2-ethylhexyl]phthalate 
were  detected  in  5%  or  fewer  of  the  samples).  Pesticides  that  were  selected  as  COPCs  were  detected  in 
AREEs  2/5,  6A,  and  6B,  while  PCB-1016  was  detected  only  in  AREE  2. 

Nineteen  inorganic  chemicals  were  detected  in  groundwater  at  OU1 .  A  comparison  of  maximum 
detected  inorganic  concentrations  to  tap  water  RBCs  (or  acceptable  daily  intake  levels  for  essential 
human  nutrients  and  the  action  level  for  lead)  indicated  that  the  inorganics  that  exceeded  respective  tap 
water  RBC  concentrations  (or  other  relevant  screening  criteria)  were  aluminum,  arsenic,  barium, 
chromium,  iron,  lead,  manganese,  nickel,  thallium,  and  vanadium.  All  inorganics  above  RBCs  were 
fairly  widespread  throughout  OU1,  with  the  exception  of  chromium,  nickel,  thallium,  and  vanadium.  The 
next  step  of  the  selection  process  for  inorganics  was  to  conduct  a  statistical  comparison  of  groundwater 
concentrations  to  site-specific  background  concentrations  for  those  inorganic  chemicals  that  exceeded 
tap  water  RBCs.  The  statistical  comparison  indicated  that  iron  and  manganese  were  detected  above 
background  levels,  therefore  these  two  inorganic  chemicals  were  selected  as  COPCs  in  groundwater.  As 
requested  by  USEPA  Region  III,  inorganic  chemicals  that  exceeded  RBCs  but  were  within  background 
levels  were  evaluated  separately  from  site-related  chemicals.  Accordingly,  exposures  and  risks 
associated  with  aluminum,  arsenic,  barium,  chromium,  lead,  nickel,  thallium,  and  vanadium,  which  were 
greater  than  respective  screening  levels,  but  within  background  levels,  were  evaluated  separately  from 
site-related  chemicals. 

Although  all  groundwater  samples  were  grouped  together  for  this  assessment,  a  qualitative 
analysis  of  elevated  concentrations  (i.e.,  those  that  exceeded  their  respective  RBCs,  or  other  relevant 
screening  criteria,  by  a  factor  of  ten  or  more)  is  presented  on  an  AREE-specific  basis  in  Section  3.5.1 .1 
for  information  purposes. 

3.2.4  Surface  Soil 

A  total  of  57  surface  soil  samples  were  collected  from  the  OU1  study  area  to  determine  whether 
there  was  surface  soil  contamination  associated  with  past  activities  at  OU1.  Twenty-seven  of  the 
samples  were  0-6"  surface  soil  samples  (i.e.,  RISS-1  through  RISS-24,  RISS-54  through  RISS-56),  19 
were  0-2'  surface  soil  samples  from  borings  (i.e.,  RISB-6,  MW-59,  MW-60,  MW-64  through  MW-71 ,  MW- 
74  through  MW-81),  and  11  were  surficial  test  pit  samples  collected  during  the  Rl  from  0-2'  (i.e.,  TP-1, 
TP-5,  TP-7,  TP-10  through  TP-12,  Tp-15,  TP-17  through  TP-20).  All  surficial  soil  samples  from  0-6"  and 
from  0-2'  were  grouped  together  in  the  risk  assessment.  All  samples  were  analyzed  for  TCL  VOCs, 
SVOCs,  pesticides/PCBs,  TAL  metals,  and  PCTs  (in  some  cases,  PCTs  were  only  analyzed  for  when 
PCBs  were  detected).  In  addition,  PAHs  were  analyzed  for  in  all  0-6"  surface  soil  samples. 

As  discussed  in  Section  2.3.1  and  presented  on  Figure  2-20,  five  background  surface  soil 
samples  (RIBKSS-1 ,  2,  3,  4,  and  5,  all  collected  between  0-6")  were  collected  from  locations  along  the 
northern  and  eastern  boundary  of  WRF.  In  addition,  three  background  0-2'  surface  soil  samples  were 
collected  from  borings  drilled  on  the  northwest  side  of  WRF  (MW-52),  on  the  northern  boundary  of  WRF 
(MW-53),  and  on  the  south  side  of  Bayview  Road  (MW-54).  All  background  surface  soil  samples  were 
collected  from  areas  that  were  believed  to  be  unaffected  by  past  activities  at  WRF.  The  range  of 
concentrations  for  chemicals  detected  in  background  surface  soil  samples  is  presented  in  the  data 
summary  table  to  show  how  the  site  concentrations  compare  to  the  background  levels.  The  background 
inorganics  data  were  statistically  compared  to  site  concentrations  to  see  which  inorganic  chemicals 
detected  in  OU1  were  within  background  levels.  All  background  samples  were  analyzed  for  TCL  VOCs, 
SVOCs,  pesticides/PCBs,  TAL  metals,  and  PCTs;  in  addition,  surface  soil  samples  collected  from  0-6" 
also  were  analyzed  for  PAHs. 

The  data  summary  for  chemicals  detected  in  surface  soil  at  OU1  is  presented  in  Table  3-4.  As 
shown  in  Table  3-4,  32  organics  were  detected  in  surface  soil  samples,  consisting  primarily  of  pesticides. 
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PAHs,  and  PCBs.  A  comparison  of  maximum  detected  concentrations  to  residential  soil  RBCs  indicated 
that  benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  dibenzo(a,h)anthracene,  indeno(1 ,2,3- 
c,d)pyrene,  PCB-1248,  PCB-1254,  and  PCB-1260  were  detected  above  respective  screening 
concentrations  and  were  thus  selected  as  COPCs  in  surface  soil.  PAHs  were  detected  in  roughly  one- 
third  of  the  samples,  while  PCBs  were  detected  infrequently.  PCB-1248  and  PCB-1254  were  each  only 
detected  in  one  of  57  samples  (both  in  AREE  2),  while  PCB-1260  was  detected  in  7/57  samples  (all  in 
AREE  1). 

Nineteen  inorganic  chemicals  were  detected  in  surface  soil  from  OU1.  A  comparison  of 
maximum  detected  inorganic  concentrations  to  residential  soil  RBCs  (or  acceptable  daily  intake  levels 
for  essential  human  nutrients  and  the  residential  soil  screening  level  for  lead)  Indicated  that  aluminum, 
arsenic,  beryllium,  chromium,  iron,  and  manganese  were  above  respective  screening  levels.  All 
inorganics  above  RBCs,  except  arsenic,  were  widespread,  being  detected  in  almost  all  samples. 

The  next  step  of  the  selection  process  was  to  conduct  a  statistical  comparison  of  surface  soil 
concentrations  to  site-specific  background  concentrations  for  those  inorganic  chemicals  that  exceeded 
residential  soil  RBCs.  The  statistical  comparison  indicated  that  only  aluminum  was  present  at 
concentrations  above  background  levels,  and  thus  was  selected  as  a  COPC.  As  requested  by  USEPA 
Region  III,  any  inorganic  chemicals  that  exceeded  RBCs  but  were  within  background  levels  were 
evaluated  separately  from  site-related  chemicals.  Accordingly,  exposures  and  risks  associated  with 
arsenic,  beryllium,  chromium,  iron,  and  manganese  were  evaluated  separately  from  site-related 
chemicals. 

Although  all  surface  soil  samples  were  grouped  together  for  this  assessment,  a  qualitative 
analysis  of  elevated  concentrations  (i.e.,  those  that  exceeded  their  respective  RBCs,  or  other  relevant 
screening  criteria,  by  a  factor  of  ten  or  more)  is  presented  on  an  AREE  specific  basis  in  Section  3.5.1. 2 
for  information  purposes. 

It  should  be  noted  that  two  additional  surface  soil  samples  from  test  pits  were  collected  by  Earth 
Tech  from  a  backhoe.  Because  these  samples  could  not  be  associated  with  a  specific  sampling  depth 
and/or  location,  they  were  not  quantitatively  evaluated  in  the  risk  assessment.  Chemicals  detected  in 
soil  samples  from  the  test  pit  samples  are  presented  in  Table  3-5.  As  shown  in  Table  3-5,  only  two  PCB 
congeners  were  detected,  each  in  one  of  the  two  samples.  Detected  concentrations,  which  were  from 
AREE  1 ,  were  several  times  greater  than  residential  soil  RBC  levels. 

3.2.5  Subsurface  Soil 

A  total  of  72  subsurface  soil  samples  were  collected  from  the  OU1  study  area  to  determine 
whether  there  was  subsurface  soil  contamination  associated  with  past  dumping  activities  at  OU1. 
Subsurface  soil  samples  consisted  of  all  soil  samples  that  were  collected  at  depths  below  2  feet  from 
either  soil  borings  (44  subsurface  soil  samples  [i.e.,  subsurface  soil  samples  from  two  depths  of  MW-59, 
MW-60,  MW-64  through  MW-71,  MW-74  through  MW-81,  RISB-6,;  subsurface  soil  samples  from  three 
depths  of  MW-72  and  MW-73])  or  test  pits  (28  subsurface  soil  samples  [i.e.,  subsurface  soil  smaples 
from  one  depth  of  TP-1,  Tp-5  through  TP-7,  TP-10  through  TP-12,  TP-15,  TP-17  through  TP-20; 
subsurface  soil  samples  from  two  depths  of  TP-2  through  TP-4,  TP-8,  TP-9,  TP-13,  TP-14,  TP-16]). 
Samples  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  and  PCTs  (in  some 
cases,  PCTs  were  analyzed  for  only  where  PCBs  had  been  detected). 

As  discussed  in  Section  2.0  and  presented  in  Figure  2-20,  six  background  subsurface  soil 
samples  were  collected  from  borings  drilled  on  the  northwest  side  of  WRF  (MW-52),  on  the  northern 
boundary  of  WRF  (MW-53),  and  on  the  south  side  of  Bayview  Road  (MW-54).  All  background 
subsurface  soil  samples  were  collected  from  areas  that  were  believed  to  be  unaffected  by  past  activities 
at  WRF.  The  range  of  concentrations  for  chemicals  detected  in  background  subsurface  soil  samples  Is 
presented  in  the  data  summary  table  to  show  how  the  site  concentrations  compare  to  the  background 
levels.  The  background  inorganics  data  were  statistically  compared  to  site  concentrations  to  see  which 
inorganic  chemicals  detected  in  OU1  were  within  background  levels.  All  background  samples  were 
analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  and  PCTs. 

The  data  summary  for  chemicals  detected  in  subsurface  soil  at  OU1  is  presented  in  Table  3-6. 
As  shown  in  Table  3-6,  22  organics,  primarily  PCBs,  pesticides,  and  PAHs,  were  detected  in  subsurface 
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soil  samples.  A  comparison  of  maximum  detected  concentrations  to  residential  soil  RBCs  indicated  that 
the  organics  that  were  present  above  RBC  levels  were  benzo(a)pyrene,  PCB-1248,  PCB-1254,  and 
PCB-1260.  All  these  organics  were  retained  as  COPCs  in  the  risk  assessment.  PCBs  were  each 
detected  in  1/72  samples,  and  similar  to  surface  soil,  PCB-1248  and  PCB-1254  were  both  detected  in 
AREE  2,  while  PCB-1260  was  detected  in  AREE  1 . 

Twenty  inorganic  chemicals  were  detected  in  subsurface  soil  from  OU1.  A  comparison  of 
maximum  detected  inorganic  concentrations  to  residential  soil  RBCs  (or  acceptable  daily  intake  levels 
for  essential  human  nutrients  and  the  residential  soil  screening  level  for  lead)  indicated  that  aluminum, 
arsenic,  beryllium,  chromium,  iron,  manganese,  and  vanadium  were  present  above  respective  screening 
criteria.  All  inorganics  above  RBC  levels,  except  arsenic,  were  fairly  widespread,  having  been  detected 
in  most  samples.  The  next  step  of  the  selection  process  was  to  conduct  a  statistical  comparison  of 
subsurface  soil  concentrations  to  site-specific  background  concentrations  for  those  inorganic  chemicals 
that  exceeded  residential  soil  RBCs.  Arsenic  was  not  detected  in  background  samples,  and  thus  was 
selected  as  a  COPC.  In  addition,  there  were  fewer  than  five  background  samples  for  aluminum  and 
vanadium,  so  statistical  comparisons  could  not  be  conducted  for  these  chemicals,  and  they  were  retained 
as  COPCs.  In  summary,  aluminum,  arsenic,  and  vanadium  were  selected  as  COPCs  in  the  risk 
assessment. 

As  noted  above,  any  inorganic  chemicals  that  exceeded  RBCs  but  were  within  background  levels 
were  evaluated  separately  from  site-related  chemicals.  Accordingly,  exposures  and  risks  associated  with 
beryllium,  chromium,  iron,  and  manganese  were  evaluated  separately  from  site-related  chemicals. 

A  qualitative  analysis  of  elevated  concentrations  (i.e.,  those  that  exceeded  their  respective 
RBCs,  or  other  relevant  screening  criteria,  by  a  factor  of  ten  or  more)  was  performed  for  subsurface  soil 
samples  for  information  purposes.  It  was  determined  that  all  chemical  concentrations  were  less  than  five 
times  their  respective  screening  criteria,  therefore  no  further  analysis  was  performed.  Industrial  soil 
RBCs  were  used  to  screen  subsurface  soil  data  since  exposure  to  subsurface  soil  would  likely  occur  for 
excavation  workers  only. 

3.2.6  Sediment 

A  total  of  12  sediment  samples  (i.e.,  RlSD-10  through  RISD-21)  were  collected  from  the  OU1 
study  area  to  determine  whether  runoff  from  the  OU  had  resulted  in  sediment  contamination.  Samples 
RISD-10  through  RISD-12  were  collected  in  marshy  areas,  while  the  remaining  sediment  samples  were 
collected  in  more  open  water  areas.  All  samples  were  analyzed  for  TCL  VOCs,  SVOCs, 
pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs. 

In  addition,  sediment  data  collected  at  AREE  2  by  Earth  Tech  were  reviewed  to  determine 
whether  these  data  should  be  incorporated  into  the  risk  assessment.  A  review  of  the  sediment  data 
indicated  that  only  two  PCB  hits  were  detected  in  sediment  from  the  Earth  Tech  data;  accordingly,  these 
two  sample  results  were  incorporated  into  the  data  summarization  for  OU1  sediment. 

Based  on  exposure  considerations  discussed  later  in  Section  3.3,  the  sediment  data  were 
grouped  according  to  whether  the  samples  had  been  collected  in  open  water  areas  or  in  marshy  areas. 
Sediment  samples  RiSD-10  through  RISD-12,  as  well  as  the  two  Earth  Tech  samples  were  grouped 
together  as  samples  collected  in  the  Marsh  Area,  while  the  remaining  sediment  samples  (i.e.,  RISD-13 
through  RISD-21)  were  grouped  together  as  Open  Water  sediment  samples. 

As  discussed  in  Section  2.3.1  and  shown  in  Fugure  2-21,  five  background  sediment  samples 
(RISDBK1  through  RISDBK5)  were  collected  from  Mason  Neck  Wildlife  Refuge,  which  is  located  away 
from  potential  source  areas  and  unaffected  by  past  activities  at  WRF.  The  range  of  concentrations  for 
chemicals  detected  in  background  sediment  samples  is  presented  in  the  data  summary  table  for  both 
sediment  groupings  to  show  how  the  site  concentrations  compare  to  the  background  levels.  The 
background  inorganics  data  were  statistically  compared  to  site  concentrations  for  the  larger  Open  Water 
Area  grouping,  which  included  five  samples.  The  statistical  comparison  could  not  be  conducted  for  the 
Marsh  Area  grouping  where  only  three  samples  were  available  (as  noted  above,  the  Earth  Tech  samples 
only  had  PCB  results,  and  no  inorganics  results,  thus  the  two  Earth  Tech  samples  were  not  used  to 
statistically  compare  site  and  background  inorganics  concentrations).  Background  sediment  samples 
were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  PAHs,  and  PCTs. 
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The  data  summary  for  chemicals  in  both  sediment  groupings  is  presented  in  Table  3-7.  As 
shown  in  Table  3-7,  13  organics,  consisting  of  PCBs  and  PAHs,  were  detected  in  sediment  samples 
collected  in  the  Marsh  Area,  while  19  organics,  consisting  of  PCBs,  PAHs,  and  pesticides,  were  detected 
in  the  Open  Water  Area  grouping.  A  comparison  of  maximum  detected  concentrations  to  residential  soil 
RBCs  indicated  that  only  benzo(a)pyrene  and  PCB-1260  in  both  the  Marsh  and  Open  Water  Areas  were 
present  at  concentrations  above  respective  RBCs.  These  two  organics  were  therefore  selected  as 
COPCs  in  both  groupings. 

Sixteen  inorganic  chemicals  were  detected  in  sediment  from  both  the  Marsh  and  Open  Water 
Area  groupings.  A  comparison  of  maximum  detected  inorganic  concentrations  to  residential  soil  RBCs 
(or  other  respective  screening  concentrations)  indicated  that  the  same  five  inorganics  (aluminum, 
beryllium,  iron,  manganese,  and  vanadium)  were  detected  above  screening  concentrations  in  both 
groupings.  The  five  inorganics  above  RBC  levels  were  widespread  in  both  groupings,  having  been 
detected  in  most  sediment  samples  for  which  they  were  analyzed  for. 

The  next  step  of  the  selection  process  was  to  conduct  a  comparison  of  sediment  concentrations 
to  site-specific  background  concentrations  for  those  inorganic  chemicals  that  exceeded  residential  soil 
RBCs.  A  statistical  comparison  was  conducted  only  for  samples  in  the  Open  Water  Area  grouping  (with 
the  exception  of  aluminum,  for  which  too  few  samples  were  available  to  statistically  compare  site  and 
background  samples);  too  few  samples  were  available  in  the  Marsh  Area  Grouping  with  which  to  conduct 
a  statistical  comparison  of  site  and  background  data.  Therefore,  all  inorganics  that  were  above  RBC 
levels  in  the  Marsh  Area  grouping  were  selected  as  COPCs.  The  statistical  comparison  of  samples  from 
the  Open  Water  Area  grouping  indicated  that  all  inorganics  present  above  RBC  levels  were  within 
background  concentrations.  As  noted  above,  however,  fewer  than  five  aluminum  samples  were 
available  with  which  to  conduct  statistical  comparisons,  thus  aluminum  in  the  Open  Water  grouping  was 
selected  as  a  COPC. 

As  noted  above,  inorganic  chemicals  that  exceeded  RBCs  but  were  within  background  levels 
were  evaluated  separately  from  site-related  chemicals.  Accordingly,  exposures  and  risks  associated  with 
beryllium,  iron,  manganese,  and  vanadium  in  the  Open  Water  Area  grouping  were  evaluated  separately 
from  site-related  chemicals. 

Although  sediment  samples  were  grouped  into  Marsh  and  Open  Water  Areas  for  this 
assessment,  a  qualitative  analysis  of  elevated  concentrations  (i.e.,  those  that  exceeded  their  respective 
RBCs,  or  other  relevant  screening  criteria,  by  a  factor  of  ten  or  more)  is  presented  on  an  AREE  specific 
basis  in  Section  3.5.1. 4. 

3.2.7  Surface  Water 

Surface  water  samples  from  OU1  were  collected  at  the  same  locations  as  the  sediment  samples, 
and  were  grouped  in  the  same  manner:  RISW10  through  RISW12  were  grouped  together  (Marsh  Area 
grouping),  and  RISW13  through  RISW21  were  grouped  together  (Open  Water  Area  grouping).  Only 
unfiltered  (i.e.,  total)  inorganics  surface  water  concentrations  were  collected  from  site  and  background 
locations.  Surface  water  samples  were  analyzed  for  TCL  VOCs,  SVOCs,  peslicides/PCBs,  TAL 
inorganics,  PAHs,  and  PCTs.  It  should  be  noted  that  Earth  Tech  data  were  not  available  for  surface 
water  in  the  two  locations  where  sediment  data  were  collected. 

As  discussed  in  Section  2.3.1  and  presented  in  Figure  2-21,  five  background  surface  water 
samples  (RISWBK1  through  RISWBK5)  were  collected  from  the  same  locations  as  the  background 
sediment  samples,  away  from  potential  source  areas  and  unaffected  by  activities  at  WRF.  The  range  of 
concentrations  for  chemicals  detected  in  background  surface  water  is  presented  in  the  data  summary 
table  for  both  surface  water  groupings  to  show  how  the  site  concentrations  compare  to  the  background 
levels.  Background  inorganics  data  were  statistically  compared  to  site  concentrations  to  determine  which 
inorganics  could  be  considered  within  background  levels.  Background  samples  were  analyzed  for  TCL, 
VOCs,  SVOCs,  pesticides/PCBs,  PAHs,  and  TAL  metals. 

As  shown  in  Table  3-8,  no  organics  were  detected  in  surface  water  from  either  of  the  surface 
water  groupings  at  OU1.  From  the  Marsh  Area  grouping,  eight  inorganics  were  detected,  of  which  iron 
and  manganese  were  above  respective  tap  water  RBCs.  As  noted  earlier  for  sediment,  too  few  samples 
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were  available  in  the  Marsh  Area  grouping  with  which  to  statistically  compare  site  and  background  data. 
Therefore,  both  inorganics  from  the  Marsh  Area  were  selected  as  COPCs. 

Also  shown  in  Table  3-8,  13  inorganics  were  detected  in  surface  water  from  the  Open  Water 
Area  grouping.  A  comparison  of  detected  concentrations  to  tap  water  RBCs  indicated  that  aluminum, 
iron,  and  manganese  were  detected  above  respective  RBCs.  Because  an  adequate  number  of  site  and 
background  samples  were  available,  a  statistical  comparison  of  site  and  background  inorganics 
concentrations  was  conducted.  The  statistical  comparison  of  site  concentrations  to  background  levels 
indicated  that  the  concentration(s)  of  all  three  inorganics  were  within  background  levels,  thus  exposures 
to  these  inorganics  were  evaluated  separately  from  site-related  chemicals. 

A  qualitative  analysis  of  elevated  concentrations  (i.e.,  those  that  exceeded  their  respective 
RBCs,  or  other  relevant  screening  criteria,  by  a  factor  of  ten  or  more)  was  performed  for  surface  water 
samples  in  OU1.  It  was  determined  that  all  chemical  concentrations  were  less  than  ten  times  their 
respective  screening  criteria,  therefore  no  further  analysis  was  performed. 

3.2.8  Summary  of  Chemicals  of  Potential  Concern 

Table  3-9  summarizes  the  COPCs  in  all  media  sampled  at  OU1.  As  shown  in  this  table,  PCBs 
were  the  only  COPCs  that  were  in  both  soil  and  groundwater,  while  pesticides  were  selected  as  COPCs 
only  in  groundwater.  PAHs  were  selected  as  COPCs  in  soils  and  sediment.  With  respect  to  inorganic 
COPCs,  there  were  no  COPCs  that  were  consistently  selected  in  all  media. 

3.3  EXPOSURE  ASSESSMENT 

In  this  section,  the  potential  pathways  through  which  individuals  may  be  exposed  to  COPCs  in 
groundwater,  surface  soil,  subsurface  soil,  sediment,  and  surface  water  from  OU1  are  identified  and 
exposures  are  quantified.  A  definition  of  an  exposure  pathway  (Section  3.3.1)  is  followed  by  a  discussion 
of  potential  exposure  pathways  through  which  populations  could  be  exposed  to  COPCs  at  OU1  (Section 
3.3.2).  The  potential  exposure  pathways  through  which  humans  could  currently  be  exposed  to 
contamination  resulting  from  past  activities  at  OU1  are  discussed  below  for  each  exposure  medium.  In 
order  to  place  this  discussion  into  perspective,  a  description  of  OU1  is  first  presented,  which  provides 
some  background  for  the  exposure  pathway  analysis. 

In  general,  the  area  surrounding  WRF  is  residential.  Northwest  of  WRF  are  former  Army 
housing  units,  which  are  currently  used  as  civilian  residential  housing.  Directly  to  the  north,  there  is  a 
proposed  civilian  residential  development  and  a  golf  course.  The  Occoquan  and  Belmont  Bays  are 
located  south  and  west,  respectively,  and  are  popular  for  recreation. 

As  discussed  in  Section  3.1,  OU1  is  bounded  on  the  south  by  the  Occoquan  Bay,  on  the  west  by 
Lake  Drive,  and  on  the  east  by  Deephole  Point  Road.  Currently,  there  are  few  receptors  to  potential 
contamination  at  OU1 .  The  principal  current  potential  receptors  at  OU1  include  individuals  performing 
WRF  maintenance  activities  and  visitors  involved  with  birding  activities  along  the  bay  area.  The  main 
activities  at  WRF,  where  the  most  receptors  would  be  located,  are  in  the  main  compound  area,  towards 
the  center  of  WRF. 

According  to  USEPA  (1995a),  a  risk  assessment  evaluating  potential  future  exposures  should 
reflect  the  most  reasonably  anticipated  future  land-uses.  WRF  will  be  transferred  to  the  USFWS  in  the 
near  future,  and  it  is  assumed  that  the  land-use  at  the  site  would  not  likely  change  significantly,  with  the 
most  likely  receptors  being  USFWS  workers,  visitors,  and  individuals  involved  in  environmental 
education.  Nevertheless,  in  accordance  with  USEPA  Region  III  and  the  VADEQ  and  to  provide  a 
baseline  understanding  of  worst-case  risks,  it  was  assumed  that  residential  receptors  could  potentially 
reside  at  OU1 . 

In  order  to  streamline  the  risk  assessment  process,  and  in  accordance  with  the  state  and  federal 
regulators,  only  the  most  conservative  possible  receptor  at  OU1  (i.e.,  a  future  resident  for  exposures  to 
surface  soil,  sediment,  surface  water,  and  groundwater,  and  a  future  excavation  worker  for  exposures  to 
subsurface  soil)  was  evaluated  for  the  purposes  the  assessment.  Evaluating  a  resident  and  an 
excavation  worker  provides  a  highly  conservative  evaluation,  because  all  other  potential  receptors  would 
have  lower  exposures,  and  therefore,  lower  risks.  The  exposure  scenarios  evaluated  in  the  risk 
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assessment  assume  that  no  remedial  action  occurs  (i.e.,  the  no  action  alternative).  For  each  pathway 
selected  for  quantitative  evaluation,  the  COPC  concentrations  at  the  points  of  exposure  are  estimated, 
followed  by  the  methodology  for  calculating  potential  chemical  intakes  (Section  3.3.3). 

3.3.1  Potential  Exposure  Pathways 

An  exposure  pathway  describes  the  course  a  chemical  takes  from  the  source  to  the  exposed 
individual.  It  is  defined  by  four  elements: 

•  a  source  and  mechanism  of  chemical  release  to  the  environment; 

•  an  environmental  transport  medium  (e.g.,  soil)  for  the  released  chemical; 

•  a  point  of  potentiai  contact  with  the  contaminated  medium  (referred  to  as  the  exposure 
point);  and 

•  an  exposure  route  (e.g.,  ingestion)  at  the  contact  point. 

An  exposure  pathway  is  considered  complete  only  if  all  four  elements  are  present,  and  only 
complete  exposure  pathways  will  be  quantitatively  evaluated.  In  the  following  sections,  information 
presented  previously  about  COPCs  at  OU1  is  combined  with  information  on  population  locations,  activity 
patterns,  and  land  use  to  identify  potential  human  exposure  pathways  at  OU1. 

3.3.2  Pathways  Selected  for  Evaluation 

Potential  exposure  pathways  through  which  future  receptors  could  be  exposed  to  COPCs  at  OU1 
are  discussed  below  and  are  presented  in  Table  3-10.  Table  3-10  presents  the  exposure  media, 
exposure  points,  potential  receptors,  and  exposure  routes;  indicates  whether  the  pathway  is  retained  for 
evaluation;  and  provides  the  basis  for  selecting  or  excluding  the  pathway.  As  stated  previously, 
exposures  to  only  future  residential  receptors  and  future  excavation  workers  were  evaluated,  in  order  to 
provide  a  baseline  understanding  of  worst-case  exposures. 

3.3.2.  f  Groundwater 

Future  on-site  child  and  adult  residents  were  assumed  to  be  exposed  to  COPCs  in  groundwater. 
Potentiaily  complete  pathways  for  both  child  and  adult  on-site  residents  include  ingestion  of  drinking 
water  and  dermal  absorption  of  COPCs  in  groundwater  while  bathing.  In  addition,  inhalation  of  VOCs 
while  showering  was  considered  for  evaluation.  However,  because  no  volatile  organic  compounds  were 
selected  as  COPCs  in  groundwater,  inhalation  exposures  while  showering  were  not  evaluated.  It  should 
be  noted  that  the  use  of  groundwater  at  OU1  is  considered  to  be  highly  unlikely,  due  to  high  iron  levels, 
necessitating  treatment  prior  to  consumption. 

3.3.2.2  Surface  Soil 

Future  child  and  adult  residents  were  assumed  to  contact  and  be  exposed  to  COPCs  in  surface 
soil.  Children  could  contact  COPCs  in  surface  soil  while  playing,  while  adults  could  contact  COPCs  in 
surface  soil  while  gardening  or  performing  other  activities.  Potentially  complete  exposure  pathways  for 
child  and  adult  residents  would  be  incidental  ingestion  of  soil  and  dermal  absorption  of  chemicals  in  soil. 
Therefore,  both  pathways  were  evaluated  for  hypothetical  future  child  and  adult  residents. 

3.3.2.3  Subsurface  Soil 

It  is  unlikely  that  future  residents  would  have  significant  opportunity  to  contact  soil  more  than  2 
feet  below  the  surface.  It  is  more  likely  that  children  and  adults  would  primarily  come  into  contact  with 
the  top  2  feet  of  soil,  rather  than  soil  at  greater  depths.  Therefore,  exposures  to  subsurface  soil  would 
not  be  likely  to  occur  for  residents  and  were  not  evaluated.  However,  if  the  site  were  to  become 
residential,  or  if  other  development  at  OU1  were  to  occur,  it  is  possible  that  all  or  portions  of  OU1  could 
be  excavated  and  that  excavation  workers  could  come  into  intimate  contact  with  subsurface  soil. 
Accordingly,  incidental  ingestion,  dermal  absorption,  and  inhalation  of  chemicals  in  subsurface  soil  were 
quantitatively  evaluated  in  the  risk  assessment  for  hypothetical  future  excavation  workers. 
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3.3.2.4  Sediment 

If  WRF  were  to  become  residential  in  the  future,  child  residents  could  play  along  the  shoreline 
and  be  exposed  to  COPCs  in  sediment  at  OU1.  Therefore,  it  was  assumed  that  child  residents  could 
come  Into  contact  with  sediment  on  a  regular  basis  while  wading  or  playing  and  be  exposed  to  COPCs  in 
sediment  via  incidental  ingestion  and  dermal  absorption.  Although  adult  residents  also  could  be  exposed 
to  COPCs  in  sediment,  frequent  exposures  are  considered  much  more  unlikely,  since  adults  would  not 
be  as  likely  to  spend  as  much  time  wading/recreating  along  the  shoreline.  In  addition,  it  should  be  noted 
that  it  is  more  conservative  to  evaluate  child  residents  for  this  pathway,  as  opposed  to  adult  residents, 
due  to  the  higher  ingestion  rate  per  body  weight  for  the  child  resident. 

As  noted  earlier  in  the  summary  of  COPCs  selected  for  evaluation  in  sediment,  the  sediment 
samples  were  grouped  according  to  whether  they  were  collected  in  the  Marsh  Area  of  OU1  or  in  the 
Open  Water  Area  of  OU1 .  Although  it  is  possible  that  children  could  come  into  contact  with  sediment  in 
the  Marsh  Area  and  incidentally  ingest  and  dermally  absorb  chemicals  in  sediment,  it  is  not  likely  that 
they  would  have  significant  exposures  to  chemicals  in  sediment  from  the  Open  Water  Areas,  since 
samples  were  collected  below  several  feet  of  water.  Therefore,  exposures  only  to  sediment  from  the 
Marsh  Area  were  evaluated  in  the  risk  assessment. 

3.3.2.5  Surface  Water 

Future  residents  could  be  exposed  to  COPCs  in  surface  water  while  wading  or  swimming.  It 
would  be  more  likely  for  adults  to  be  swimming  in  the  bay  than  small  children.  Conversely,  it  would  be 
more  likely  for  children  to  wade  and  play  in  the  Marsh  Area  than  adults.  Accordingly,  it  was  assumed 
that  adults  could  be  exposed  to  COPCs  in  surface  water  via  incidental  ingestion  and  dermal  absorption 
while  swimming  in  the  Open  Water  Area,  while  children  could  be  exposed  to  COPCs  in  surface  water 
from  the  Marsh  Area  while  wading  (it  should  be  noted  that  no  COPCs  were  selected  for  the  Open  Water 
Area  grouping;  however,  because  several  inorganics  were  detected  within  background  levels,  but  above 
RBCs,  this  pathway  was  nevertheless  evaluated  for  those  chemicals). 

3.3.2. 6  Summary  of  Pathways  Selected  for  Evaluation 

The  exposure  pathways  quantitatively  evaluated  are  the  following: 

•  Ingestion  of  COPCs  in  groundwater  by  on-site  child  and  adult  residents; 

•  Dermal  absorption  of  COPCs  in  groundwater  by  on-site  child  and  adult  residents  while 
bathing; 

•  Incidental  ingestion  of  COPCs  in  soil  by  on-site  child  and  adult  residents; 

•  Dermal  absorption  of  COPCs  in  soil  by  on-site  child  and  adult  residents; 

•  Incidental  ingestion  of  COPCs  in  subsurface  soil  by  excavation  workers; 

•  Dermal  absorption  of  COPCs  in  subsurface  soil  by  excavation  workers; 

•  Inhalation  of  COPCs  in  airborne  particulate  matter  from  subsurface  soil  by  excavation 
workers; 

•  Incidental  ingestion  of  COPCs  in  sediment  from  the  Marsh  Area  grouping  by  on-site  child 
residents; 

•  Dermal  absorption  of  COPCs  in  sediment  from  the  Marsh  Area  grouping  by  on-site  child 
residents; 

•  Incidental  ingestion  of  COPCs  in  surface  water  from  the  Open  Water  Area  by  on-site  adult 
residents  while  swimming; 

•  Dermal  absorption  of  COPCs  in  surface  water  from  the  Open  Water  Area  by  on-site  adult 
residents  while  swimming;  and 

•  Dermal  absorption  of  COPCs  in  surface  water  from  the  Marsh  Area  by  on-site  child  residents 
while  wading. 
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3.3.3  Quantification  of  Exposure 

To  quantitatively  assess  potential  exposures  to  COPCs  at  OU1,  estimates  of  environmental 
concentrations  at  the  exposure  points  were  combined  with  information  describing  the  extent,  frequency, 
and  duration  of  exposure  for  each  potential  receptor.  This  section  presents  how  exposure  point 
concentrations  were  calculated,  followed  by  an  overview  of  the  approaches  used  to  quantify  exposures 
for  each  selected  exposure  pathway.  The  approaches  used  in  this  section  to  quantify  exposures  are 
consistent  with  USEPA  (1989a,  1992a)  guidance. 

3.3.3,  f  Exposure  Point  Concentrations 

In  order  to  estimate  potential  exposures  and  risks  associated  with  site-related  chemicals, 
chemical  concentrations  at  the  points  of  exposure  were  first  determined.  According  to  USEPA  (1992a,c), 
the  most  appropriate  measurement  of  central  tendency  for  environmental  chemical  concentrations  is  the 
arithmetic  mean.  To  account  for  uncertainty  associated  with  this  value,  USEPA  guidance  requires  the 
use  of  the  95%  upper  confidence  limit  (UCL)  on  the  arithmetic  mean  concentration  for  the  estimation  of 
the  reasonable  maximum  exposure  (RME)  risk.  The  term  RME  is  defined  as  the  maximum  exposure 
that  is  reasonably  expected  to  occur  at  a  site  (USEPA,  1989a).  The  methodology  for  calculating  the  UCL 
for  logtransformed  data,  which  is  discussed  by  Gilbert  (1987)  and  Land  (1975),  and  is  presented  in 
USEPA  guidance  documents  (1992a,c),  is  as  follows: 


UCLi.„ 


exp  (y  +  0.5  + 


Sy  Hl-ax 

ViTi  ^ 


where: 

UCL  =  upper  confidence  limit; 
a  =  probability  of  error  (0.05): 
y  =  mean  of  the  transformed  data; 

Sy  =  standard  deviation  ofthe  transformed  data; 

(Sy)^  =  variance  of  the  data; 

H  =  H-statistic  (i.e.,  from  Gilbert  1987);  and 
n  =  numberof  samples  in  population. 

When  the  95%  UCL  exceeds  the  maximum  measured  value,  USEPA  (1989a)  directs  that  the 
maximum  measured  value  be  used  as  the  exposure  point  concentration. 

As  discussed  earlier  in  Section  3.2.1 ,  the  95%  UCL  on  the  arithmetic  mean  was  calculated  for 
each  chemical  by  including  nondetects  at  one-half  of  their  sample-specific  detection  limits.  The  RME 
concentrations  of  each  COPC  were  assumed  to  represent  the  concentrations  to  which  receptors  could  be 
exposed  at  OU1 .  All  RME  exposure  concentrations  are  presented  in  Table  3-11. 

3.3.3.2  Exposure  Estimates 

For  the  ingestion  and  dermal  absorption  exposure  pathways,  quantification  of  exposure  involves 
the  estimation  of  an  average  daily  dose,  expressed  in  units  of  mg  chemical/kg  body  weight  per  day 
(mg/kg-day).  Dose  can  be  defined  as  an  exposure  rate  to  a  chemical  determined  over  an  exposure 
period  per  unit  body  weight,  and  is  calculated  similarly  for  both  ingestion  and  dermal  absorption 
pathways.  There  are,  however,  significant  differences  in  the  meaning  and  terms  used  to  describe  dose 
for  the  ingestion  and  dermal  pathways.  For  the  ingestion  exposure  pathways,  the  doses  calculated  in  this 
assessment  are  referred  to  as  "potential  doses."  The  potential  dose  is  the  amount  of  chemical  ingested 
and  available  for  uptake  in  the  body,  and  is  analogous  to  the  administered  dose  in  a  dose-response 
toxicity  experiment.  For  the  dermal  absorption  pathways,  the  estimated  dose  is  referred  to  as  an 
"internal  dose,"  and  reflects  the  amount  of  chemical  that  has  been  absorbed  into  the  body  and  is 
available  for  interaction  with  biologically  important  tissues. 

Average  daily  doses  are  estimated  differently  for  chemicals  exhibiting  noncarcinogenic  and 
carcinogenic  effects,  since  different  toxicity  criteria  are  available  for  carcinogenic  effects  and 
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noncarcinogenic  effects  of  chemicals  (see  Section  3.4,  Toxicity  Assessment).  Average  daily  doses  for 
noncarcinogens  are  averaged  over  the  duration  of  exposure  and,  following  USEPA  (1992a)  guidance, 
are  given  the  acronym  ADD  for  average  daily  dose.  Average  daily  doses  for  carcinogens  are  averaged 
over  a  lifetime,  and  are  given  the  acronym  LADD  for  lifetime  average  daily  dose.  LADDs  and  ADDs  for 
ingestion  exposures,  or  potential  doses,  are  indicated  by  (L)ADDpot,  while  LADDs  and  ADDs  for  dermal 
exposures,  or  internal  doses,  are  indicated  by  (L)ADDint. 

The  ADDs  and  LADDs  are  estimated  using  exposure  point  concentrations  of  chemicals  together 
with  exposure  parameters  that  specifically  describe  the  exposure  pathway.  ADDs  and  LADDs  for  each 
pathway  were  derived  by  combining  the  selected  exposure  point  concentration  (based  on  the  maximum 
or  the  95%  UCL  on  the  mean  concentration)  of  each  chemical  with  reasonable  maximum  values 
describing  the  extent,  frequency,  and  duration  of  exposure  (USEPA,  1989a,1992a). 

The  following  sections  present  equations  by  which  (L)ADDs  were  calculated  for  those  pathways 
quantitatively  evaluated  in  the  risk  assessment.  The  assumptions  associated  with  calculating  these 
exposures  and  the  equations  used  to  estimate  ADDSpot  and  LADDSpot  for  ingestion  exposures  and  ADDSjnt 
and  LADDSint  for  dermal  absorption  exposures  are  provided  below.  It  was  conservatively  assumed  that 
the  chemical  concentrations  in  groundwater,  surface  soil,  subsurface  soil,  sediment,  and  surface  water 
would  remain  constant  over  the  exposure  period. 

Ingestion  of  Groundwater  bv  On-Site  Child  and  Adult  Residents.  Exposures  for  ingestion  of 
groundwater  by  on-site  child  and  adult  residents  were  calculated  using  the  equation  and  exposure 
parameters  presented  in  Table  3-12  and  discussed  below. 

The  RME  exposure  point  concentrations  to  which  on-site  residents  could  be  exposed  were 
presented  earlier  in  Table  3-1 1 .  Drinking  water  ingestion  rates  used  for  residents  were  based  on 
USEPA  guidance.  The  adult  ingestion  rate  of  2  L/day  was  a  standard  USEPA  (1989a,  1991a) 
default  value,  while  the  child  1  L/day  ingestion  rate  was  based  on  one-half  the  adult  ingestion  rate. 
Child  and  adult  residents  were  conservatively  assumed  to  consume  groundwater  for  350 
days/year,  which  is  an  USEPA  (1989a,  1991a)  standard  default  value  for  seven  days/week,  50 
weeks/year.  The  duration  of  exposure  for  the  1-6  year  old  child  resident  was  assumed  to  be  six 
years,  based  on  the  child's  age  duration  being  evaluated,  while  the  duration  of  exposure  for  the 
adult  resident  was  assumed  to  be  30  years,  which  is  the  USEPA  (1989b)  upper-bound  value  for 
residential  tenure  at  one  residence. 

The  body  weight  value  of  70  kg  for  an  adult  resident  was  the  standard  USEPA  (1989a,  1991a) 
recommended  default  parameter,  while  the  body  weight  value  of  15  kg  for  the  1-to-6  year  old  child 
was  obtained  from  USEPA  (1991a).  The  USEPA  (1989a,  1991a)  standard  default  of  70  years  for  a 
lifetime  was  used  as  the  averaging  time  to  calculate  carcinogenic  exposures,  white  the  duration  of 
exposure  (i.e.,  30  years  for  the  adult  and  six  years  for  the  child)  was  used  as  the  averaging  time  to 
calculate  noncarcinogenic  exposures. 

The  resulting  LADDs  for  carcinogenic  effects  and  ADDs  for  the  noncarcinogenic  effects  for 
groundwater  ingestion  by  future  on-site  child  and  adult  residents  are  presented  later  in  Table  3-28 
in  the  Risk  Characterization  Section. 

Dermal  Absorption  of  Chemicals  in  Groundwater  bv  On-Site  Child  and  Adult  Residents.  Dermal 
absorption  of  chemicals  while  bathing  were  calculated  for  COPCs  selected  in  groundwater  by  using 
the  equation  and  exposure  parameters  presented  in  Table  3-13. 

The  groundwater  concentrations  to  which  on-site  residents  could  be  exposed  while  bathing  were 
the  same  as  used  for  the  drinking  water  exposure  pathway.  Unfiltered  inorganic  concentrations 
were  used  to  evaluate  the  dermal  pathway,  in  accordance  with  USEPA  Region  III  protocol,  even 
though  it  is  more  likely  that  chemicals  in  the  dissolved  phase,  rather  than  the  total  particulate 
phase  would  be  absorbed  through  the  skin.  When  estimating  potential  child  and  adult  dermal 
exposures  while  bathing,  it  was  assumed  that  the  entire  body  was  available  for  contact  with  water. 
The  surface  areas  that  were  used  in  the  evaluation  were  calculated  based  on  data  provided  in 
USEPA  (1985),  and  were  7,000  cm^  for  a  1-6  year  old  and  18,000  cm^  for  an  adult.  It  was  also 
assumed  that  the  resident  takes  bathes  once  per  day  (i.e.,  1  event  per  day).  In  addition,  exposure 
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parameters  including  exposure  frequency,  exposure  duration,  body  weight,  and  averaging  time 
were  identical  to  those  used  when  evaluating  the  groundwater  ingestion  pathway. 

The  dose  absorbed  per  unit  area  per  event  is  a  function  of  chemical  concentration  in  water,  the 
permeability  coefficient  for  that  chemical  from  water  through  the  skin,  and  exposure  time.  The 
dose  absorbed  (DA)  value  is  calculated  differently,  depending  on  whether  a  steady-state  or 
nonsteady-state  approach  is  used.  Following  USEPA  (1992b)  guidance,  a  steady-state  approach 
should  be  used  to  evaluate  dermal  absorption  of  inorganics  from  an  aqueous  matrix,  while  a 
nonsteady-slate  approach  has  been  recommended  to  evaluate  dermal  absorption  of  organics  in  an 
aqueous  matrix. 

When  calculating  the  absorbed  dose  for  inorganics  assuming  steady-state  conditions,  it  is  assumed 
that  the  concentration  gradient  across  all  skin  layers  is  constant  and  the  rate  that  a  chemical  enters 
the  skin  equals  the  rate  that  it  exits.  Under  these  assumptions,  DA  can  be  estimated  using  the 
following  steady-state  equation  from  USEPA  (1992b); 


DA  =  Cgw*CFi*CF2*PC*ET 


where: 

DAevent  =  dose  absorbed  per  unit  area  per  event  (mg/cm2-event); 

Cgw  =  chemical  concentration  in  groundwater  (|j.g/L); 

CF1  =  conversion  factor  (1  17103  cm3); 

CF2  =  conversion  factor  (1  mg/103  pg); 

PC  =  chemical-specific  dermal  permeability  coefficient  (cm/hr);  and 

ET  =  exposure  time  (hours/event). 

The  RME  groundwater  concentrations  that  were  used  for  the  ingestion  pathway  also  were  used  to 
evaluate  the  dermal  pathway.  As  noted  above,  total  (unfiltered)  concentrations  were  used  to 
evaluate  dermal  exposures. 

The  permeability  coefficient  is  defined  as  a  flux  value,  normalized  for  concentrations,  that 
represents  the  rate  at  which  a  chemical  penetrates  the  skin  (in  units  of  cm/hr).  The^default 
permeability  coefficient  for  inorganics  was  used  for  all  evaluated  inorganics  (i.e,  10  cm/hr 
[USEPA,  1992b]).  Permeability  coefficients  for  all  COPCs  in  groundwater  are  presented  in  Table 
3-14.  The  assumed  exposure  time  for  contact  with  water  was  assumed  to  be  15  minutes  (0.25 
hour). 

As  noted  above,  USEPA  (1992b)  has  recommended  the  nonsteady-state  approach  to  estimate  the 
dermally  absorbed  dose  of  organics  from  water  and  has  recommended  that  it  be  used  over  the 
more  traditional  steady-state  approach  described  above  for  inorganics.  This  approach  accounts  for 
the  total  amount  of  chemicals  crossing  the  exposed  (outside)  skin  surface  rather  than  the  amount 
that  has  traversed  the  skin  and  entered  the  blood  during  the  exposure  period  (i.e.,  under  a  steady- 
state  condition).  Therefore,  the  nonsteady-state  approach  more  accurately  reflects  normal 
exposure  conditions  and  accounts  for  the  dose  that  may  enter  the  circulatory  system  after  the 
exposure  event  due  the  storage  of  chemicals  in  skin  lipids  (USEPA,  1992b).  The  nonsteady-state 
approach  has  been  developed  for  organics  for  which  octanol-water  partitioning  data  are  available, 
thus  was  applied  to  the  organic  COPCs  identified  in  this  assessment. 

The  equations  applied  to  derive  DA  using  the  nonsteady-state  dermal  dose  model  for  organics 
were  dependent  on  the  length  of  assumed  exposure  time  (ET)  in  relation  to  the  tirne  required  after 
initial  contact  of  a  chemical  with  the  skin  for  steady-state  to  be  achieved  (termed  t ).  The  value  of 
t*  is  dependent  on  chemical-specific  properties,  and  the  appropriate  equation  to  derive  t  for  a 
chemical  is  dependent  on  a  dimensionless  constant  reflecting  the  partitioning  properties  of  that 
chemical  (USEPA,  1992b).  This  constant,  termed  B,  can  be  derived  from  the  octanol-water 
partition  coefficient  (Koaw)  as  follows; 
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Once  B  has  been  derived,  t*  can  be  calculated  using  the  appropriate  equation, 
if  B<  0.1,  then: 


t=2A*T 

where: 

X  =  lag  time  (hr) 
if  0.1  <B<1.17,  then: 


t*  =  (8.4  +  6*logB)*r 


if  B>  1.17,  then: 


where: 


b=-*(H-B)'-c 

n 


1  +  3*6 

c  = - 

3 


The  lag  time  (x)  is  defined  for  the  stratum  corneum,  the  outermost  layer  of  the  skin,  which  is 
thought  to  provide  the  major  resistance  to  the  absorption  into  the  circulatory  system  of  chemicals 
deposited  on  the  skin  (USEPA,  1992b).  x  can  be  derived  from  the  following  equation: 


T  = 


6*D.c 


where: 

Isc  =  thickness  of  stratum  corneum  (10‘^  cm);  and 

Dsc  =  diffusivity  of  a  chemical  within  the  stratum  corneum  (cm2/hr). 

The  diffusivity  of  a  chemical  within  the  stratum  corneum  (Dsc)  can  be  estimated  from  the  thickness 
of  the  stratum  corneum  (Uc)  and  the  molecular  weight  (MW)  of  the  chemical  using  the  following 
equation: 
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Log^^  -2.72  -  0.0061  *  MW 

Isc 


Once  the  time  until  steady-state  (t*)  has  been  derived,  it  can  be  compared  to  the  assumed 
exposure  time  (ET)  in  order  to  select  the  appropriate  equation  to  derive  the  dermal  dose  (DA).  If 
the  exposure  time  was  less  than  the  time  until  steady-state  (i.e.,  if  ET  <  t),  the  following  equation 
was  used: 


DA 


event 


2*Cgw 


*CFi*CF2*PC* 


6*t*ET 


where: 

DAevent  =  dose  absorbed  per  unit  area  per  event  (mg/cm^-event); 

Cgw  =  chemical  concentration  in  water  (pg/L); 

CFi  =  conversion  factor  (1  L/10^cm^; 

CF2  =  conversion  factor  (1  mg/10^pg); 

PC  =  chemical-specific  dermal  permeability  coefficient  (cm/hr);  and 
ET  =  exposure  time  (hours/event). 

If  the  exposure  time  was  greater  than  the  time  until  steady-state  (i.e.,  if  ET  >  t ),  then  the  following 
equation  was  used: 


ET  1  +  3  *  B 

=  Cgw  *  CF,  *  CF2  *  PC*  +  2*  T*  -ypj-] 


Experimental  or  measured  permeability  coefficients  (PC)  provided  in  USEPA  (1992b)  were  used 
for  the  organic  COPCs.  In  the  absence  of  measured  values  for  organics,  permeability  coefficients 
were  estimated  by  USEPA  (1992b)  using  the  following  equation: 


log(PC)  =  -2.72  +  (0.71  *log  Kow)  -  (0.0061* MW) 


All  inputs  to  equations  presented  above,  including  permeability  coefficients,  log  KowS,  and 
molecular  weights  that  were  needed  to  calculate  the  DAevent  for  all  COPCs  in  groundwater  are 
presented  in  Table  3-14. 

The  resulting  LADDSmt  for  the  carcinogenic  effects  and  the  ADDSint  for  noncarcinogenic  effects  of  a 
child's  and  adult's  dermal  absorption  of  chemicals  while  bathing  are  summarized  in  Table  3-29  of 
the  Risk  Characterization  Section. 


Incidental  Ingestion  of  Surface  Soil  by  Child  and  Adult  Residents.  Exposures  for  incidental  inges¬ 
tion  of  chemicals  in  soil  for  hypothetical  future  child  and  adult  residents  were  calculated  using  the 
equation  and  exposure  parameters  presented  in  Table  3-15  and  discussed  below. 


The  surface  soil  exposure  point  concentrations  that  were  used  to  evaluate  ingestion  exposures  are 
shown  in  Table  3-11.  The  standard  default  value  for  a  soil  ingestion  rate  (100  mg/day) 
recommended  by  USEPA  (1989a,  1991a)  for  individuals  over  the  age  of  six  was  used  for 
calculating  potential  incidental  ingestion  exposures  for  adults,  while  the  soil  ingestion  rate  of  200 
mg/day  (USEPA,  1989a,  1991a)  for  children  under  six  was  used  to  evaluate  ingestion  exposures 
for  children.  The  exposure  frequency  for  both  child  and  adult  residents  was  assumed  to  be  350 
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days/year,  a  standard  default  USEPA  (1989a,  1991a)  value,  assuming  exposures  seven  days/week 
for  50  weeks/year.  The  exposure  duration  for  adults  was  assumed  to  be  30  years,  which  is  the 
upper-bound  value  for  residential  tenure  at  one  residence  (USEPA,  1989b).  The  exposure 
duration  for  children  was  assumed  to  be  six  years,  based  on  the  age  period  evaluated. 

One  of  the  several  factors  affecting  the  dose  calculation  for  soil  ingestion  is  a  chemical's 
bioavaiiability.  Ingested  chemicals  present  in  a  soil  matrix  may  not  be  as  readily  absorbed  through 
the  gastrointestinal  tract  (due  to  their  affinity  to  the  soil  particles)  as  chemicals  ingested  in  the 
matrices  administered  in  experimental  studies  (from  which  toxicity  criteria  are  derived).  The 
differences  in  absorption  expected  between  the  ingestion  of  chemicals  adsorbed  onto  soil  in 
comparison  with  typical  toxicological  study  conditions,  can  be  accounted  for  by  incorporating  a 
bioavaiiability  factor  into  the  exposure  equation.  However,  for  this  assessment,  the  bioavaiiability 
factors  for  all  the  COPCs  were  conservatively  assumed  to  be  1 .0  (assuming  that  the  absorption 
efficiency  was  equivalent  for  the  toxicological  study  matrix  and  the  soil  matrix). 

An  average  body  weight  value  of  70  kg  for  adults  was  obtained  from  USEPA  (1989a,  1991a),  while 
the  average  body  weight  of  15  kg  for  children  was  obtained  from  USEPA  (1991a).  The  USEPA 
(1989a,  1991a)  standard  default  of  70  years  for  a  lifetime  was  used  as  the  averaging  time  for 
carcinogenic  exposures,  while  the  duration  of  exposure  (i.e.,  30  years  for  adults  and  six  years  for 
children)  was  used  as  the  averaging  time  for  calculating  the  noncarcinogenic  exposures. 

The  calculated  LADDs  for  carcinogenic  effects  and  ADDs  for  noncarcinogenic  effects  due  to  the 
incidental  ingestion  of  surface  soil  by  hypothetical  future  residents  are  summarized  in  Table  3-31, 
and  later  in  the  Risk  Characterization  Section. 

Dermal  Absorption  of  Chemicals  in  Surface  Soil  by  Child  and  Adult  Residents.  Internal  doses 
(ADDsint  and  LADDSjnt)  due  to  dermal  absorption  of  chemicals  in  surface  soil  were  estimated  using 
the  equation  and  exposure  parameters  discussed  below  and  presented  in  Table  3-16. 

The  chemical  concentrations  in  soil,  as  well  as  the  parameters  describing  the  frequency  of 
exposure,  duration  of  exposure,  body  weight,  and  averaging  time  are  identical  to  those  used  above 
when  estimating  incidental  ingestion  of  surface  soil  by  hypothetical  future  child  and  adult  residents. 

Parameters  that  are  specific  to  the  dermal  exposure  scenarios  include  the  area  of  exposed  skin, 
the  amount  of  soil  adhering  to  the  skin,  and  amount  of  chemical  absorbed  through  the  skin  from 
soil.  For  the  residential  scenario,  it  was  assumed  that  the  hands,  Vi  arms  (i.e.,  forearms),  %  legs 
(i.e.,  lower  legs),  and  feet  would  be  exposed  and  available  for  contact  with  soil.  Using  data  from 
USEPA  (1985),  and  averaging  across  gender  and  age,  it  was  estimated  that  the  exposed  skin 
surface  area  for  child  and  adult  residents  would  be  2,200  cm^  and  6,400  cm^.  The  soil-to-skin 
adherence  factor  was  assumed  to  be  1.0  mg/cm^-day,  the  reasonable  upper-bound  default  value 
estimated  by  USEPA  (1992b). 

The  amount  of  chemical  in  soil  absorbed  through  the  skin  must  be  estimated  in  order  to  calculate 
dermal  doses.  For  a  chemical  to  be  absorbed  through  the  skin  from  soil,  it  must  be  released  from 
the  soil  matrix,  pass  through  the  layers  of  the  skin  and  enter  into  the  systemic  circulation.  This 
series  of  events  is  dependent  on  a  number  of  factors  including  the  characteristics  of  the  chemical, 
the  concentration  in  the  applied  dose,  the  site  of  exposure,  inter-individual  variability,  and 
characteristics  of  soil  (e.g.,  particle  size  and  organic  carbon  content).  Data  regarding  the  amount 
of  specific  chemicals  that  may  be  absorbed  through  the  skin  under  conditions  normally 
encountered  in  the  environment  (and  assumed  to  occur  for  this  assessment)  are  lacking.  While  a 
number  of  approaches  have  been  developed  to  estimate  absorption  of  compounds  from  the  soil 
matrix,  the  resulting  dose  estimates  are  highly  uncertain  (USEPA  1992b).  Despite  this  uncertainty, 
dermal  absorption  factors  from  USEPA  (1995b)  were  used  in  this  assessment,  and  include  3.2% 
for  arsenic,  1%  for  other  inorganics,  6%  for  PCBs,  and  10%  for  other  semivolatiles. 

The  resulting  LADDs  for  carcinogenic  effects  and  ADDs  for  the  noncarcinogenic  effects  due  to 
dermal  absorption  of  COPCs  in  soil  are  summarized  in  Table  3-32  and  in  the  Risk  Characterization 
Section. 
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Incidental  Ingestion  of  Subsurface  Soil  by  Excavation  Workers.  Exposures  for  incidental  ingestion 
of  chemicals  in  subsurface  soil  by  hypothetical  future  excavation  workers  were  calculated  using  the 
equation  and  exposure  parameters  presented  in  Table  3-17  and  discussed  below. 

Exposure  point  concentrations  used  in  the  exposure  assessment  were  presented  earlier  in  Table 
3-1 1 .  The  excavation  worker’s  soil  ingestion  rate  was  assumed  to  be  480  mg/day,  which  is  an 
USEPA  (1991a)  value  for  short-term  outdoor  industrial/commercial  activities,  and  accounts  for 
more  intimate  contact  with  loose  soils.  The  exposure  frequency  for  excavation  workers  was 
assumed  to  be  250  days/year;  this  value  was  obtained  from  USEPA  (1989a,  1991a)  and  assumes 
that  excavation  workers  are  at  OU1  for  5  days  per  week  50  weeks  per  year.  The  exposure 
duration  for  excavation  workers  was  conservatively  assumed  to  be  1  year,  which  assumes  that  all 
excavation  work  in  the  evaluated  areas  would  be  complete  within  this  time  period.  As  noted 
earlier,  the  bioavailability  factors  for  all  the  COPCs  were  conservatively  assumed  to  be  1 .0. 

An  average  adult  body  weight  value  of  70  kg  for  excavation  workers  was  obtained  from  USEPA 
(1989a,  1991a).  The  USEPA  (1989a,  1991a)  standard  default  of  70  years  for  a  lifetime  was  used 
as  the  averaging  time  for  carcinogenic  exposures,  while  the  averaging  time  for  noncarcinogenic 
exposures  was  the  duration  of  exposure  (i.e.,  one  year). 

The  calculated  LADDs  for  carcinogenic  effects  and  ADDs  for  noncarcinogenic  effects  due  to  the 
incidental  ingestion  of  subsurface  soil  by  excavation  workers  are  summarized  in  Table  3-33  in  the 
Risk  Characterization  Section. 

Dermal  Absorption  of  Chemicals  in  Subsurface  Soil  bv  Excavation  Workers.  Internal  doses  due  to 
dermal  absorption  of  chemicals  in  subsurface  soil  by  hypothetical  future  excavation  workers  were 
estimated  using  the  equation  and  exposure  parameters  discussed  below  and  presented  in  Table 
3-18. 

The  chemical  concentrations  in  subsurface  soil  to  which  excavation  workers  could  be  exposed,  as 
well  as  the  parameters  describing  the  frequency  of  exposure,  duration  of  exposure,  body  weight, 
and  averaging  time  are  identical  to  those  used  above  when  estimating  incidental  ingestion  of 
COPCs  in  subsurface  soil  by  hypothetical  future  excavation  workers. 

As  noted  earlier,  parameters  that  are  specific  to  the  dermal  exposure  scenarios  include  the  area  of 
exposed  skin,  the  amount  of  soil  adhering  to  the  skin,  and  amount  of  chemical  absorbed  through 
the  skin  from  soil.  For  the  excavation  worker  exposure  scenario,  it  was  assumed  that  the  worker’s 
hands  and  arms  could  be  exposed  and  available  for  contact  with  soil,  based  on  the  likelihood  that 
workers  at  the  site  would  wear  long  pants,  and  may  wear  short  sleeves.  Using  data  from  USEPA 
(1985)  and  averaging  across  gender,  an  exposed  skin  surface  area  of  3,500  cm^  was  estimated. 
The  soil-to-skin  adherence  factor  was  assumed  to  be  1 .0  mg/cm^-event,  the  reasonable  upper- 
bound  default  value  estimated  by  USEPA  (1992b).  Dermal  absorption  factors  were  obtained  from 
USEPA  (1995b)  and  are  presented  in  Table  3-18  (3.2%  for  arsenic,  1%  for  other  inorganics,  6%  for 
PCBs,  and  10%  for  other  semivolatiles). 

The  resulting  LADDs  for  carcinogenic  effects  and  ADDs  for  the  noncarcinogenic  effects  due  to 
dermal  absorption  of  COPCs  in  subsurface  soil  are  summarized  in  Table  3-34  in  the  Risk 
Characterization  Section. 

Inhalation  of  Particulate  Matter  from  Subsurface  Soil  bv  Excavation  Workers.  COPCs  sorbed  to 
particulate  matter  in  subsurface  soils  could  be  released  into  the  air  during  excavation  activities. 
Inhalation  exposure  concentrations  (lECs)  associated  with  airborne  particulate  matter  from 
subsurface  soil  to  which  excavation  workers  could  be  exposed  were  determined  using  equations 
provided  in  USEPA  (1996b),  the  equation  presented  in  Table  3-19,  and  the  excavation  worker 
exposure  parameters.  A  default  particulate  emission  factor  (PEF)  was  used  to  calculate  inhalation 
exposure  concentrations,  which  are  presented  later  in  Table  3-35  of  the  Risk  Characterization 
Section. 

Additional  exposure  parameters  were  used  to  calculate  the  lECs,  including  exposure  frequency, 
exposure  duration,  and  averaging  time,  and  were  the  same  as  those  used  to  evaluate  excavation 
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worker  incidental  ingestion  and  dermal  absorption  exposures  to  chemicals  in  subsurface  soils.  In 
addition,  the  exposure  time  was  assumed  to  be  8  hours/day,  based  on  a  typical  work  day. 

The  RME  lECs  calculated  using  the  modeled  ambient  air  concentrations,  in  addition  to  LADDs  for 
carcinogenic  effects  are  presented  in  Table  3-35,  later  in  the  Risk  Characterization  Section  (ADDs 
were  not  calculated,  since  none  of  the  COPCs  had  noncarcinogenic  inhalation  toxicity  criteria). 

Incidental  Ingestion  of  Sediment  by  Child  Residents.  Exposures  for  incidental  ingestion  of 
chemicals  in  sediment  in  the  Marsh  Area  for  hypothetical  future  1-to-6  year  old  child  residents  were 
calculated  using  the  equation  and  exposure  parameters  presented  in  Table  3-20  and  discussed 
below. 

The  sediment  exposure  point  concentrations  that  were  used  to  evaluate  ingestion  exposures  for 
sediment  are  shown  in  Table  3-11.  The  standard  default  value  for  a  soil  ingestion  rate  of  200 
mg/day  (USEPA,  1989a,  1991a)  for  children  under  six  was  used  to  evaluate  incidental  ingestion 
exposures  of  sediment  for  children.  The  exposure  frequency  for  child  residents  playing/wading  in 
OU1  sediment  was  assumed  to  be  100  days/year,  based  on  exposures  two  days/week  for  50 
weeks/year.  The  exposure  duration  for  children  was  assumed  to  be  six  years,  based  on  the  age 
period  evaluated.  As  noted  earlier,  the  bioavailability  factors  for  all  the  COPCs  were 
conservatively  assumed  to  be  1 .0. 

An  average  body  weight  value  of  15  kg  for  children  was  obtained  from  USEPA  (1991a).  The 
USEPA  (1989a,  1991a)  standard  default  of  70  years  for  a  lifetime  was  used  as  the  averaging  time 
for  carcinogenic  exposures,  while  the  duration  of  exposure  (i.e.,  six  years)  was  used  as  the 
averaging  time  for  calculating  the  noncarcinogenic  exposures. 

The  calculated  LADDs  for  carcinogenic  effects  and  ADDs  for  noncarcinogenic  effects  due  to  the 
incidental  ingestion  of  sediment  by  hypothetical  future  child  residents  are  summarized  in  Table  3- 
36  of  the  Risk  Characterization  Section. 

Dermal  Absorption  of  Chemicals  in  Sediment  by  Child  Residents.  Exposures  due  to  dermal 
absorption  of  chemicals  in  Marsh  Area  sediment  were  estimated  for  hypothetical  future  child 
residents  using  the  equation  and  exposure  parameters  discussed  below  and  presented  in  Table  3- 
21. 

The  chemical  concentrations  in  sediment,  as  well  as  the  parameters  describing  the  frequency  of 
exposure,  duration  of  exposure,  body  weight,  and  averaging  time  are  identical  to  those  used  above 
when  estimating  incidental  ingestion  of  sediment  by  hypothetical  future  child  residents  at  OU1. 

As  noted  earlier,  parameters  that  are  specific  to  the  dermal  exposure  scenarios  include  the  area  of 
exposed  skin,  the  amount  of  sediment  adhering  to  the  skin,  and  amount  of  chemical  absorbed 
through  the  skin  from  sediment.  For  the  child  resident  exposure  scenario,  it  was  assumed  that  the 
child's  hands,  14  arms  (i.e.,  forearms),  14  legs  (I.e.,  lower  legs),  and  feet  could  be  exposed  and 
available  for  contact  with  sediment.  Based  on  data  provided  in  USEPA  (1985),  the  resulting  body 
surface  area  was  2,200  cm^.  Because  no  sediment-to-skin  adherence  factor  exists,  the  soil-to-skin 
adherence  factor  of  1.0  mg/cm^-event,  which  is  the  reasonable  upper-bound  default  value 
estimated  by  USEPA  (1992b),  was  used.  The  amount  of  chemical  in  sediment  absorbed  through 
the  skin  must  be  estimated  in  order  to  calculate  dermal  doses.  The  dermal  absorption  factors  for 
COPCs  are  presented  in  Table  3-21  (1%  for  inorganics,  6%  for  PCBs,  and  10%  for  other 
semivolatiles),  and  were  obtained  from  USEPA  (1995b). 

The  resulting  LADDs  for  carcinogenic  effects  and  ADDs  for  noncarcinogenic  effects  due  to  dermal 
absorption  of  COPCs  in  sediment  at  OU1  are  summarized  in  Table  3-37  in  the  Risk 
Characterization  Section  for  hypothetical  future  child  residents. 

Incidental  Ingestion  of  Surface  Water  bv  Adult  Residents  IMt/te  Swimming.  Exposures  for 
incidental  ingestion  of  surface  water  by  adult  residents  while  swimming  were  calculated  using  the 
equation  and  exposure  parameters  presented  in  Table  3-22  and  discussed  below. 

The  RME  exposure  point  concentrations  to  which  adult  residents  could  be  exposed  were  presented 
earlier  in  Table  3-11.  The  incidental  ingestion  rate  of  0.05  L/hour  obtained  from  USEPA  (1989a) 
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was  used  for  individuals  swimming  in  the  Open  Water  Area  in  the  vicinity  of  OU1.  Adult  residents 
were  conservatively  assumed  to  swim  in  the  water  2  hours/day,  48  days/year,  which  assumes  that 
they  swim  in  the  bay  for  three  days/week  during  the  summer  months  from  June  through  August. 
The  duration  of  exposure  for  the  aduit  resident  was  assumed  to  be  30  years,  based  on  the  USEPA 
(1 989b)  upper-bound  value  for  residential  tenure  at  one  residence. 

The  body  weight  value  of  70  kg  for  the  adult  was  obtained  from  USEPA  (1991a).  The  USEPA 
(1989a,  1991a)  standard  defauit  of  70  years  for  a  iifetime  was  used  as  the  averaging  time  to 
calcuiate  carcinogenic  exposures,  while  the  duration  of  exposure  (i.e.,  30  years  for  the  adult)  was 
used  as  the  averaging  time  to  calculate  noncarcinogenic  exposures. 

The  resulting  ADDs  for  the  noncarcinogenic  effects  (only  ADDs  were  calculated,  since  none  of  the 
COPCs  has  carcinogenic  toxicity  criteria)  for  incidental  ingestion  of  surface  water  by  future  adult 
residents  are  presented  in  Table  3-47  in  the  Uncertainty  Section.  None  of  the  chemicals  evaluated 
in  the  Open  Water  grouping  were  COPCs,  since  ail  were  above  RBCs,  but  within  background 
levels. 

Dermal  Absorption  of  Chemicals  in  Surface  Water  bv  Adult  Residents  While  Swimming.  Dermal 
absorption  of  chemicals  while  swimming  in  Open  Water  in  the  vicinity  of  OU1  for  hypothetical 
future  adult  residents  were  calculated  by  using  the  equation  and  exposure  parameters  presented  in 
Table  3-23  and  discussed  below. 

The  surface  water  RME  exposure  point  concentrations  to  which  adult  residents  could  be  exposed 
are  presented  on  Table  3-11  and  are  the  same  concentrations  as  used  to  evaluate  incidental 
ingestion  of  surface  water  while  swimming.  In  addition,  exposure  parameters  including  exposure 
frequency,  exposure  duration,  body  weight,  and  averaging  time  were  identical  to  those  used  to 
evaluate  incidental  ingestion  exposures  while  swimming.  When  estimating  potential  adult  dermal 
exposures  while  swimming,  it  was  assumed  that  the  entire  body  surface  area  (excluding  the  head) 
of  14,000  cm^  for  the  adult  was  exposed  and  available  for  absorption  of  chemicals  from  water. 

As  described  earlier  in  the  discussion  of  dermal  absorption  of  COPCs  in  groundwater,  the  dose 
absorbed  per  unit  area  per  event  is  a  function  of  chemical  concentration  in  water,  the  permeability 
coefficient  for  that  chemical  from  water  through  the  skin,  and  exposure  time.  Inorganics  were 
assumed  to  have  default  permeability  coefficients  of  10'^  cm/hr  (USEPA,  1992b),  and  the  exposure 
time  was  assumed  to  be  2  hours/event. 

The  resulting  ADDs  for  noncarcinogenic  effects  (only  ADDs  were  calculated,  since  none  of  the 
COPCs  has  carcinogenic  toxicity  criteria)  of  an  adult's  dermal  absorption  of  chemicals  in  Open 
Water  Area  surface  water  while  swimming  are  summarized  in  Table  3-48  of  the  Uncertainty 
Section.  None  of  the  chemicals  evaluated  in  the  Open  Water  grouping  were  COPCs,  since  all 
were  above  RBCs,  but  within  background  levels. 

Dermal  Absorption  of  Chemicals  in  Surface  Water  bv  Child  Residents  While  WadirtQ.  Dermal 
absorption  of  chemicals  while  wading  in  Marsh  Area  surface  water  in  the  vicinity  of  OU1  for 
hypothetical  future  child  residents  were  calculated  by  using  the  equation  and  exposure  parameters 
presented  in  Table  3-24  and  discussed  below. 

The  surface  water  RME  exposure  point  concentrations  to  which  child  residents  could  be  exposed 
while  wading  in  the  Marsh  Area  are  presented  on  Table  3-11.  When  estimating  potential  child 
dermal  exposures  while  wading,  it  was  assumed  that  the  hands,  %  arms,  Vz  legs,  and  feet  (2,200 
cm^)  were  exposed  and  available  for  absorption  of  chemicals  from  water  (USEPA,  1985).  In 
addition,  it  was  assumed  that  the  child  wades  in  the  Marsh  Area  48  days/year,  based  on  exposures 
three  days/week  from  June  through  August.  Children  were  assumed  to  wade  and  play  in  the 
Marsh  Area  one  time  per  day  (i.e.,  one  event/day).  An  exposure  duration  of  six  years  was  used  for 
a  child,  based  on  the  child's  age  duration  being  evaluated. 

A  body  weight  of  15  kg  for  a  1-6  year  old  was  obtained  from  USEPA  (1991a).  The  USEPA  (1989a, 
1991a)  standard  default  of  70  years  for  a  lifetime  was  used  as  the  averaging  time  to  calculate 
carcinogenic  exposures,  while  the  duration  of  exposure  (i.e.,  six  years)  was  used  as  the  averaging 
time  to  calculate  noncarcinogenic  exposures. 
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As  described  earlier,  the  dose  absorbed  per  unit  area  per  event  is  a  function  of  chemical 
concentration  in  water,  the  permeability  coefficient  for  that  chemical  from  water  through  the  skin, 
and  exposure  time.  Inorganics  were  assumed  to  have  default  permeability  coefficients  of  10'^ 
cm/hr  (USEPA,  1992b),  and  the  exposure  time  was  assumed  to  be  2  hours/event. 

The  RME  exposure  point  concentrations  and  resulting  ADDS  for  noncarcinogenic  effects  of  a 
child's  dermal  absorption  of  chemicals  in  Marsh  Area  surface  water  are  summarized  in  Table  3-38 
(only  ADDS  were  calculated,  since  none  of  the  COPCs  has  carcinogenic  toxicity  criteria). 

3.4  TOXICITY  ASSESSMENT 

The  general  methodology  for  the  classification  of  health  effects  and  the  development  of  health 
effects  criteria  is  described  in  Section  3.4.1 .  This  provides  the  analytical  framework  for  the  characteriza¬ 
tion  of  human  health  risks.  In  Section  3.4.2,  the  health  effects  criteria  used  to  derive  estimates  of  risk 
are  presented.  These  values  are  combined  with  dose  information  for  each  pathway  quantitatively 
evaluated  to  predict  potential  risks  associated  with  exposures  to  COPCs. 

The  methodology  used  for  classifying  health  effects  from  exposure  to  chemicals  is 
recommended  by  USEPA  guidance  (1986a,b,  1989a,  1995c,  1996c).  Chronic  toxicity  criteria  were 
obtained  from  USEPA's  Integrated  Risk  Information  System  (IRIS)  (USEPA,  1996c)  and  Health  Effects 
Assessment  Summary  Tables  (HEAST)  (USEPA,  1995c).  These  sources  list  the  most  recent  toxicity 
values  recommended  by  USEPA  for  use  in  HHRAs. 

3.4.1  Health  Effects  Classification  and  Criteria  Development 

Separate  health  criteria  are  developed  for  chemicals  depending  on  whether  exposure  to  them 
may  be  associated  with  principally  carcinogenic  (cancer-causing)  or  noncarcinogenic  effects.  This 
distinction  relates  to  the  currently  held  scientific  opinion  that  the  mechanism  of  action  for  each  category 
is  different.  For  assessing  risks  associated  with  potential  carcinogens,  USEPA  has  adopted  the  scientific 
policy  position  that  a  small  number  of  molecular  events  can  evoke  changes  in  a  single  cell,  or  a  small 
number  of  cells,  that  can  lead  to  tumor  formation.  This  is  described  as  a  no-threshold  initiator 
mechanism,  because  it  is  assumed  that  there  is  essentially  no  level  of  exposure  (i.e.,  a  threshold)  to  a 
carcinogen  that  will  not  result  in  some  finite  possibility  of  causing  cancer.  Another  assumption  stemming 
from  USEPA's  science  policy  is  that  the  dose-response  curve  is  linear  at  low  doses.  In  reality,  this  curve 
can  take  many  shapes  depending  on  the  exact  biological  mechanisms  of  action  of  a  chemical.  The 
dose-response  curve  will  especially  vary  if  the  chemical  is  behaving  as  a  cancer  promotor  rather  than  as 
an  initiator,  with  the  net  effect  that  the  most  accurate  shape  may  be  indicative  of  a  threshold  for 
response. 

In  the  case  of  chemicals  exhibiting  noncarcinogenic  effects,  however,  it  is  believed  that 
organisms  have  repair  and  detoxification  capabilities  that  must  be  exceeded  by  some  critical  concentra¬ 
tion  (threshold)  before  the  adverse  effect  is  manifested.  For  example,  an  organ  can  have  a  large 
number  of  cells  performing  the  same  or  similar  functions  that  must  be  significantly  depleted  before  the 
effect  on  the  organ  is  realized.  This  threshold  view  holds  that  a  range  of  exposures  from  just  above  zero 
to  some  finite  value  can  be  tolerated  by  the  organism  without  an  appreciable  risk  of  adverse  effects. 

3.4. 1. 1  Health  Effects  Criteria  for  Potential  Carcinogens 

For  carcinogens,  USEPA's  Carcinogen  Risk  Assessment  Verification  Endeavor  (CRAVE) 
evaluates  the  excess  lifetime  cancer  risks  associated  with  various  levels  of  exposure  by  developing 
cancer  slope  factors  and  unit  risks.  Cancer  slope  factors  are  expressed  in  terms  of  reciprocal  dose,  as 
units  of  (mg  chemical/kg  body  weight-day)'\  They  describe  the  upper-bound  increase  in  an  individual's 
risk  of  developing  cancer  over  a  70-year  lifetime  per  unit  of  exposure.  Unit  risks  are  expressed  either  as 
a  reciprocal  air  concentration  in  units  of  (pg/m3)‘\  or  as  a  reciprocal  drinking  water  concentration,  in 
units  of  (pg/L)  \  Similarly,  they  are  defined  as  the  probability  of  an  individual  developing  cancer  over  a 
70-year  lifetime  as  a  result  of  exposure  to  one  unit  of  concentration  in  air  or  water.  Because  regulatory 
efforts  are  geared  to  be  protective  of  public  health,  including  even  the  most  sensitive  members  of  the 
population,  the  cancer  slope  factors  are  derived  using  conservative  assumptions. 
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Cancer  slope  factors  and  unit  risks  are  derived  from  the  results  of  human  epidemiological  studies 
or  chronic  animal  bioassays.  The  animal  studies  usually  must  be  conducted  using  relatively  high  doses 
to  detect  possible  adverse  effects.  Because  humans  are  expected  to  be  exposed  to  doses  lower  than 
those  used  in  the  animal  studies,  the  potential  cancer  risks  at  lower  doses  are  estimated  by  using 
mathematical  models.  The  data  from  animal  studies  are  typically  fitted  to  the  linearized  multistage 
model  to  obtain  a  dose-response  relationship.  In  general,  after  the  data  are  fit  to  the  dose-response 
model,  the  95  percent  upper  confidence  limit  of  the  slope  of  the  resulting  dose-response  relationship  at 
low  doses  is  calculated.  This  upper-bound  limit  is  subjected  to  various  adjustments,  and  an  interspecies 
scaling  factor  is  applied  to  derive  the  slope  factor  or  unit  risk  for  humans.  Thus,  the  actual  risks 
associated  with  a  given  intake  of  a  potential  carcinogen  quantitatively  evaluated  based  on  animal  data 
are  generally  regarded  as  not  likely  to  exceed  the  risks  estimated  using  these  slope  factors  and  unit  risks, 
and  they  may  be  as  low  as  zero  (USEPA,  1986a).  Dose-response  data  derived  from  human  epidemio¬ 
logical  studies  are  fitted  to  dose-time-response  curves.  These  models  provide  rough,  but  plausible, 
estimates  of  the  upper  limits  on  lifetime  risk.  Slope  factors  and  unit  risks  based  on  human  epidemio¬ 
logical  data  are  derived  using  conservative  assumptions  and,  as  such,  they  too  are  unlikely  to 
underestimate  risks  for  a  given  level  of  exposure. 

USEPA  assigns  weight-of-evidence  classifications  to  potential  carcinogens.  Under  this  system, 
chemicals  are  classified  as  either  Group  A,  Group  B1 ,  Group  B2,  Group  C,  Group  D,  or  Group  E.  These 
categories  represent  an  assessment  of  the  amount  and  quality  of  the  data  that  support  the  finding  that 
specific  chemicals  and  elements  can  cause  cancer  in  humans.  Group  A  includes  those  substances  for 
which  high-quality  studies  have  demonstrated  a  relationship  between  the  exposure  to  the  substance  in 
question  and  the  development  of  cancer  in  human  populations.  Groups  B1,  B2  and  C  represent 
chemicals  with  limited  (B1)  or  insufficient  (B2)  human  evidence  of  carcinogenicity:  and  sufficient  (B1, 
B2)  or  insufficient  (C)  animal  data.  Group  D  substances  are  those  for  which  there  is  insufficient  or  no 
evidence  of  carcinogenicity  in  humans  or  animals,  while  Group  E  substances  are  those  for  which  no 
evidence  of  carcinogenicity  is  available  in  adequate  human  or  animal  studies. 

3.4.1. 2  Health  Effects  Criteria  for  Noncarcinogens 

Health  criteria  for  chemicals  exhibiting  noncarcinogenic  effects  are  generally  developed  using 
verified  risk  reference  doses  (RfDs)  or  reference  concentrations  (RfCs).  These  are  developed  by 
USEPA’s  RfD/RfC  Work  Group  and  listed  in  IRIS  (USEPA,  1996b),  or  can  be  obtained  from  HEAST 
(USEPA,  1995a)  and  supplements.  The  RfD  is  expressed  in  units  of  dose  (mg  chemical/kg  body  weight- 
day),  while  the  RfC  is  expressed  in  concentration  units  (mg  chemical/m^  air  or  pg  chemical/m^  air).  RfDs 
and  RfCs  are  usually  derived  either  from  human  studies  involving  work-place  exposures  or  from  animal 
studies.  The  RfD  and  RfC  are  estimates  (with  uncertainty  spanning  perhaps  an  order  of  magnitude)  of 
the  daily  exposure  to  the  human  population  (including  sensitive  subpopulations)  that  is  likely  to  be 
without  an  appreciable  risk  of  deleterious  effects  during  a  lifetime.  The  RfD/RfC  is  used  as  a  reference 
point  for  gauging  the  potential  effects  of  exposures.  Usually,  exposures  (as  chemical  intakes  or  doses) 
that  are  less  than  the  RfD/  RfC  are  not  likely  to  be  associated  with  adverse  health  effects.  As  the 
frequency  and/or  magnitude  of  the  exposures  exceeding  the  RfD/RfC  increase,  the  probability  of  adverse 
effects  in  a  human  population  increases. 

RfDs/RfCs  are  developed  for  both  chronic  and  subchronic  exposures.  Chronic  RfDs/RfCs  are 
presented  in  IRIS  or  HEAST  and  are  intended  for  use  in  evaluating  exposures  of  durations  greater  than 
seven  years.  Subchronic  RfDs/RfCs  are  developed  by  USEPA's  National  Center  for  Environmental 
Assessment  (NCEA)  and  are  used  to  characterize  the  potential  for  the  occurrence  of  noncarcinogenic 
effects  associated  with  short-term  exposures  (two  weeks  to  seven  years  as  defined  by  USEPA  [1989a]). 
The  subchronic  RfDs/RfCs  are  developed  similarly  to  chronic  RfDs/RfCs,  and  are  typically  equal  to 
chronic  RfDs  or  are  1  order  of  magnitude  greater  (less  stringent).  The  subchronic  RfDs  are  presented  in 
HEAST,  but  they  are  not  peer  reviewed. 

The  RfDs/RfCs  are  derived  using  uncertainty  factors  that  reflect  scientific  judgment  regarding  the 
various  types  of  data  used  to  estimate  the  RfD.  RfDs  are  typically  estimated  from  no-observable- 
adverse-effect-levels  (NOAELs)  or  lowest-observable-adverse-effect-levels  (LOAELs)  in  human  or 
animal  studies.  Uncertainty  factors,  generally  10-fold  factors,  are  intended  to  account  for; 
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•  the  variation  in  sensitivity  among  members  of  the  human  population; 

•  the  uncertainty  in  extrapolating  animai  data  to  the  case  of  humans; 

•  the  uncertainty  in  extrapoiating  from  data  obtained  in  a  study  that  is  iess-than-iifetime 
exposure; 

•  the  uncertainty  in  using  LOAEL  data,  when  necessary,  rather  than  NOAEL  data;  and 

•  the  inabiiity  of  any  single  study  to  adequately  address  all  possible  adverse  outcomes  in 

humans. 

To  derive  RfDs/RfCs,  NOAELs  or  LOAELs  are  divided  by  one  or  more  uncertainty  factors,  as 
appropriate.  When  taken  together,  these  uncertainty  factors  may  confer  an  extra  margin  of  safety  of  up 
to  a  factor  of  10,000  below  a  LOAEL.  In  some  cases,  modifying  factors  are  also  applied  to  RfDs  to  take 
into  account  other  uncertainties  in  the  toxicity  database  and  reflect  the  professional  judgment  of  those 
reviewing  the  database.  The  net  result  is  that  RfDs/RfCs  are  generally  considered  to  provide  a 
conservative  estimate  of  the  likelihood  of  adverse  noncarcinogenic  effects. 

3.4.2  Health  Effects  Criteria  for  Individual  Chemicals  of  Potential  Concern 

Table  3-25  presents  the  oral  human  health  effects  criteria  used  to  quantitatively  evaluate 
potential  health  effects  of  human  exposures  to  COPCs  at  OU1.  Consistent  with  USEPA  (1989a), 
subchronic  toxicity  criteria  should  be  used  to  evaluate  substantially  less-than-lifetime  exposures.  As  a 
result,  chronic  toxicity  criteria  were  used  to  evaluate  exposure  pathways  for  all  receptors  except 
excavation  workers.  Because  excavation  workers  would  be  expected  to  work  at  OU1  for  no  more  than 
one  year,  subchronic  toxicity  criteria  were  used  for  this  receptor.  The  only  compounds  for  which 
subchronic  toxicity  criteria  differed  from  chronic  toxicity  criteria  presented  in  Table  3-25  were  PCB-1254, 
whose  subchronic  RfD  is  5x10  ®  mg/kg-day,  and  Chromium  VI,  whose  subchronic  RfD  is  2x10'^  mg/kg- 
day.  Table  3-26  presents  the  inhalation  human  health  effects  criteria  used  to  quantitatively  evaluate 
potential  health  effects  of  via  inhalation  exposures  to  COPCs  at  OU1  (only  COPCs  in  subsurface  soil  are 
presented  in  Table  3-26,  since  the  inhalation  pathway  was  evaluated  only  for  chemicals  in  subsurface 
soil). 

USEPA-approved  oral  health  effects  criteria  were  not  available  for  delta-BHC,  which  was 
identified  as  a  COPC  in  groundwater.  Oral  toxicity  criteria  exist  for  other  BHC  congeners  (e.g.,  alpha-, 
beta-  and  gamma-BHC),  although  none  has  the  same  Class  D  weight-of-classification  as  delta-BHC  (i.e., 
the  other  BHC  congeners  are  Class  B2  or  C  carcinogens).  Therefore,  no  other  BHC  congener  was  used 
as  a  surrogate  to  evaluate  potential  ingestion  risks.  The  uncertainties  associated  with  not  evaluating 
delta-BHC  are  discussed  in  the  Uncertainty  Section. 

Toxicity  criteria  have  not  been  developed  by  USEPA  specifically  for  the  dermal  route  of 
exposure;  instead,  oral  health  effects  criteria  are  adjusted  to  assess  this  pathway.  In  order  to  have  a 
meaningful  comparison  between  the  dermal  dose  estimates,  which  represent  internal  (or  absorbed) 
doses,  and  toxicity  criteria,  which  typically  represent  potential  (or  administered)  doses,  toxicity  criteria 
should  be  modified  to  represent  absorbed  doses.  (In  cases  where  the  toxicity  criteria  are  based  on 
internal  doses,  this  modification  is  not  required.)  The  method  for  modifying  toxicity  criteria  involves 
determination  of  an  absolute  oral  absorption  factor  for  each  chemical  and  use  of  this  value  to  increase 
the  chemical's  cancer  slope  factor  or  decrease  the  chemical's  RfD.  Cancer  slope  factors  and  RfDs 
adjusted  in  this  manner  are  then  more  appropriate  to  assess  absorbed  dose-response,  rather  than 
administered  dose-response.  The  absolute  oral  absorption  factors  that  are  applied  should  reflect  the 
specific  conditions  under  which  the  toxicological  study  was  conducted  (e.g.,  method  of  administration 
such  as  gavage,  water  or  diet,  and  vehicle  of  administration  such  as  solvent  or  solution).  Table  3-27 
presents  the  absolute  oral  absorption  factors  used  to  adjust  the  oral  toxicity  criteria  for  the  chemicals  of 
concern  when  evaluating  dermal  absorption  of  chemicals  from  sediment  and  surface  water,  as  well  as 
the  actual  adjusted  toxicity  criteria.  For  most  chemicals,  absolute  oral  absorption  factors  were  obtained 
from  the  Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR)  Toxicological  Profile  documents. 
For  those  chemicals  for  which  sufficient  information  is  lacking,  a  default  absolute  oral  absorption  factor 
of  one  (1 .0)  was  used  (i.e.,  oral  toxicity  criteria  were  not  changed). 
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3.5  RISK  CHARACTERIZATION 

This  section  of  the  risk  assessment  evaluates  the  potential  human  health  effects  associated  with 
exposures  to  chemicals  in  groundwater,  surface  soil,  subsurface  soil,  sediment,  and  surface  water  at 
OU1 .  To  quantitatively  assess  risks  associated  with  exposures  to  chemicals  at  the  site,  the  health  effects 
criteria  (slope  factors/RfDs)  presented  in  the  toxicity  assessment  (Section  3.4)  were  combined  with  the 
average  daily  doses  ([LJADDs)  derived  in  the  exposure  assessment  (Section  3.3). 

For  oral  exposures  to  potential  carcinogens,  excess  lifetime  cancer  risks  were  obtained  by 
multiplying  the  estimated  LADDs  for  each  chemical  by  its  upper-bound  cancer  slope  factor.  The  total 
upper-bound  excess  lifetime  cancer  risk  for  each  pathway  was  obtained  by  summing  the  chemical- 
specific  risk  estimates.  This  approach  is  consistent  with  USEPA's  guidelines  for  evaluating  the  toxic 
effects  of  chemical  mixtures  (USEPA,  1989a).  Using  this  approach,  a  risk  level  of  1x10  ®,  for  example, 
represents  an  upper-bound  probability  of  one  in  one  million  that  an  individual  could  contract  cancer  due 
to  exposure  to  the  potential  carcinogens  under  the  specified  exposure  conditions  at  a  site. 

The  approach  of  calculating  carcinogenic  risks  by  multiplying  the  LADD  by  the  slope  factor 
assumes  that  the  increased  risk  of  cancer  resulting  from  exposure  to  a  constituent  is  linearly  proportional 
to  the  amount  of  chemical  intake  averaged  over  a  lifetime.  According  to  USEPA  (1989a)  risk 
assessment  guidance,  this  approach  is  only  appropriate  when  the  estimated  carcinogenic  risks  calculated 
are  less  than  10'^  (i.e.,  one  excess  cancer  case  per  100  people  exposed).  If  the  estimated  risks  are 
above  10'^,  the  assumption  of  linearity  is  not  valid.  In  such  cases,  the  carcinogenic  risks  should  be 
calculated  using  the  following  equation,  per  USEPA  risk  assessment  guidance  (USEPA,  1989a). 


Risk  =  l-eC-LADD.CSF) 


For  those  chemicals  resulting  in  risks  greater  than  1x10'^,  the  potential  carcinogenic  risks  were 
estimated  by  summing  the  chemical-specific  risks  to  yield  exposure  pathways  risks.  Implicit  in  this 
approach  is  the  assumption  that  potential  carcinogenic  risks  from  multiple  chemical  exposures  are 
additive  such  that  the  total  pathway-specific  risk  is  equal  to  the  sum  of  the  individual  chemical-specific 
risks.  Similarly,  the  excess  lifetime  cancer  risks  for  each  carcinogenic  compound  were  also  summed  for 
each  exposure  pathway.  The  resulting  total  chemical-specific  risks  represent  the  upper-bound  potential 
risk  of  developing  cancer  from  that  chemical  upon  exposure  to  that  medium  (i.e.,  the  risk  may  be  lower, 
but  is  unlikely  to  be  greater). 

The  upper-bound  lifetime  excess  cancer  risks  derived  in  this  report  can  be  compared  to 
USEPA's  risk  range  for  health  protectiveness  at  Superfund  sites  of  1x10  ®  to  1x1  O’'*  (USEPA,  1990b).  In 
addition,  USEPA's  Office  of  Solid  Waste  and  Emergency  Response  (USEPA,  1991b)  has  issued  a 
directive  clarifying  the  role  of  the  risk  assessment  in  the  Superfund  process.  The  directive  states  that 
where  the  cumulative  carcinogenic  site  risk  to  an  individual  based  on  reasonable  maximum  exposure  for 
current  or  future  land-use  for  all  media  combined  is  less  than  IxlO"*,  and  the  non-carcinogenic  hazard 
quotient  is  less  than  one,  action  generally  is  not  warranted  unless  there  could  be  adverse  environmental 
effects,  or  unless  a  regulatory  requirement  applies  mandating  action  (see  Section  5.0,  ARARs). 

Potential  adverse  effects  associated  with  oral  and  dermal  exposures  to  noncarcinogens  are 
presented  as  the  ratio  of  the  ADD  to  the  reference  dose  (ADD:RfD).  Values  of  these  ratios,  called 
hazard  quotients,  that  are  greater  than  one  are  indicative  of  a  potential  for  adverse  health  effects.  The 
additive  effect  for  each  noncarcinogen  is  assumed,  and  the  sum  of  the  hazard  quotients  for  all  the 
individual  COPCs  in  a  given  pathway  is  termed  the  hazard  index.  The  hazard  index  is  useful  as  a 
reference  point  for  gauging  the  potential  effects  of  environmental  exposures  to  complex  mixtures. 
Hazard  indices  that  are  less  than  1 .0  should  be  viewed  as  indicating,  with  a  high  level  of  assurance,  but 
not  complete  certainty,  that  adverse  effects  would  not  be  associated  with  the  exposures  being  evaluated. 
Hazard  indices  exceeding  1 .0  indicate  the  potential  for  the  occurrence  of  adverse  effects.  A  decision 
should  not  be  categorically  drawn  that  hazard  indices  less  than  one  are  acceptable  (or  risk-free)  or  that 
hazard  indices  greater  than  one  are  unacceptable  (or  will  result  in  adverse  effects).  This  is  a 
consequence  of  the  great  uncertainty  inherent  in  estimates  of  the  ADD:RfD  ratio,  in  addition  to  the  fact 
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that  there  are  uncertainties  associated  with  assuming  the  individual  hazard  quotients  in  the  hazard  index 
calculation  are  additive. 

In  cases  where  the  calculated  hazard  index  exceeds  one,  the  COPCs  are  subdivided  into 
categories  based  on  target  organ  or  critical  effect  (e.g.,  liver,  kidney,  etc.),  in  accordance  with  USEPA 
guidance  (USEPA,  1989a).  Hazard  indices  are  then  recalculated  for  these  categories  to  identify  the 
potential  for  noncarcinogenic  effects  to  occur  with  respect  to  any  given  endpoint.  Organ-specific  hazard 
indices  exceeding  1.0  indicate  the  potential  for  the  occurrence  of  adverse  effects.  They  do  not,  however, 
provide  a  numerical  estimate  of  either  the  probability  or  severity  of  the  adverse  effect. 

The  following  sections  present  the  predicted  risks  and  hazard  indices  associated  with  each 
exposure  pathway  evaluated  in  the  HHRA.  Section  3.5.1  presents  the  estimated  risks  for  each  of  the 
individual  pathways  evaluated  in  the  assessment,  while  Section  3.5.2  presents  the  cumulative  risk 
estimates  for  all  exposure  pathways  evaluated  in  the  risk  assessment.  Chemical  specific  risks  are  shown 
in  each  of  the  individual  pathway  spreadsheets  (Tables  3-28  through  3-38),  while  a  summary  of  pathway 
risks  is  presented  in  Table  3-39. 

3.5.1  Pathway-Specific  Risks 

3.5.1. 1  Groundwater 

Excess  lifetime  cancer  risks  associated  with  on-site  child  and  adult  groundwater  exposures  were 
1x10  ®  and  3x10"®  for  ingestion  of  drinking  water,  and  were  2x10"®  and  5x10"®  for  dermal  absorption  of 
chemicals  in  groundwater  while  bathing  (see  Tables  3-28  and  3-29).  Hazard  indices  associated  with 
ingestion  and  dermal  exposures  to  chemicals  in  groundwater  were  above  one  for  both  child  and  adult 
receptors  for  both  pathways.  For  ingestion  of  groundwater,  the  hazard  indices  were  10  and  5  for  child 
and  adult  residents,  both  due  to  iron  (which  is  not  associated  with  a  specific  target  organ/critical  effect) 
and  manganese  (which  affects  the  CNS).  For  dermal  absorption  of  chemicals  in  groundwater,  the 
hazard  indices  were  5  and  3,  both  due  to  exposures  to  PCB-1016  (associated  with  a  decrease  in  birth 
weight). 


Since  exposures  to  the  most  conservative  receptor  for  groundwater  resulted  in  a  hazard  index 
greater  than  1,  risks  and  hazard  indices  for  hypothetical  future  workers  also  were  evaluated  for 
groundwater  exposures  (only  ingestion  risks  were  calculated,  since  dermal  exposures  to  workers  would 
likely  be  minimal  [i.e.,  primarily  via  washing  hands]).  Using  default  exposure  parameters  from  USEPA 
(1991a)  (i.e.,  ingestion  of  1  L/day,  250  days/year,  25  years,  for  a  70  kg  worker),  a  drinking  water  risk  of 
9x10'^  and  a  hazard  index  of  2  (due  to  exposures  to  iron). 

As  noted  earlier,  a  qualitative  analysis  of  elevated  concentrations  was  performed  on  the 
groundwater  data  on  an  AREE  by  AREE  basis.  This  was  done  in  order  to  determine  whether  risks  above 
the  target  risk  range  could  occur  at  any  of  the  individual  AREEs.  The  discussion  below  focuses  only  on 
those  chemicals  that  significantly  exceeded  screening  criteria  (i.e.,  concentrations  greater  than  10  times 
respective  screening  criteria):  It  should  be  noted  that  there  were  many  hits  detected  at  concentrations 
less  than  ten  times  respective  screening  levels,  although  these  chemicals  are  not  discussed  below.  It 
was  determined  that  organic  chemical  concentrations  that  exceeded  respective  tap  water  RBCs  by  a 
factor  of  10  or  more  were  found  predominantly  in  the  northern  part  of  OU1 .  Single  exceedances,  on  the 
order  of  20  times  respective  tap  water  RBCs,  of  bis(2-ethylhexyl)phthalate,  PCB-1016  (MW-81),  and 
heptachlor  epoxide  (MW-60  and  MW-82)  occurred  around  AREE  4  (MW-67  for  bis(2- 
ethylhexyl)phthalate),  and  within  AREE  2,  and  AREE  6B.  In  addition,  an  exceedance  of  heptachlor 
epoxide  occurred  to  the  east  of  AREE  6B  and  was  approximately  70  times  its  tap  water  RBC. 

Inorganic  concentrations  that  exceeded  respective  screening  criteria  were  found  predominantly 
in  the  southern  part  of  OU1.  Aluminum,  chromium,  and  vanadium  exceedances  were  located  in  AREE  1 
at  levels  20  (vanadium  and  aluminum)  to  65  times  (chromium)  their  tap  water  RBCs.  Iron  and 
manganese  exceedances  generally  occurred  near  AREE  1.  Magnitudes  of  exceedance  ranged  from  11 
to  99  times  for  iron  and  12  to  approximately  60  times  for  manganese.  Arsenic  exceedances  primarily 
occurred  in  the  northern  part  of  OU1 .  Half  of  those  samples  exceeding  arsenic’s  tap  water  RBC  in  the 
northern  areas  were  located  in  AREE  2.  The  magnitude  of  exceedance  ranged  from  25  to  91  times. 


DACA31-94-D-0064 
ESPS01-437 
November  1997 


3-25 


Focused  Feasibility  Study 
for  Operable  Unit  One 
Final  Document 


Section  3.0 
Human  Health  Risk  Assessment 


3.5.1. 2  Surface  Soil 

Excess  lifetime  cancer  risks  associated  with  future  child  and  adult  residential  exposures  to 
chemicals  in  surface  soil  were  8x10-6  and  4x10-6  for  incidental  ingestion,  and  were  9x10-6  and  3x10-5 
for  dermal  absorption  (see  Tables  3-31  and  3-32).  Hazard  indices  associated  with  ingestion  and  dermal 
exposures  to  chemicals  in  surface  soil  were  less  than  one  for  both  ingestion  and  dermal  pathways. 

As  noted  in  the  previous  section,  the  discussion  regarding  screening  criteria  exceedances 
focuses  only  on  those  chemicals  that  significantly  exceeded  respective  screening  levels.  After  reviewing 
the  surface  soil  data  on  an  AREE  by  AREE  basis,  it  was  determined  that  organic  chemicals  that 
exceeded  their  respective  residential  soil  RBCs  were  located  in  the  southern  sections  of  OU1  just  west  of 
AREE  1 .  Benzo(a)pyrene  was  detected  in  two  samples  where  concentrations  were  greater  than  its  RBC. 
Exceedances  were  12  and  27  times  the  residential  soil  RBC,  respectively.  PCB-1260  was  detected  in 
sample  MW-80  with  an  exceedance  of  130  times  its  residential  soil  RBC. 

Although  there  were  numerous  exceedances  of  iron  in  surface  soil,  there  did  not  appear  to  be 
any  distinct  patterns  of  elevated  iron  concentrations.  Samples  where  concentrations  exceeded  iron’s 
residential  soil  RBC  were  spread  relatively  evenly  throughout  OU1.  Exceedances  were  on  the  order  of 
10  to  30  times  greater  than  iron’s  screening  criterion.  Arsenic  was  found  to  exceed  its  residential  soil 
RBC  by  a  factor  of  1 1  in  one  sample  located  just  north  of  AREE  2. 

3.5.1. 3  Subsurface  Soil 

Excess  lifetime  cancer  risks  associated  with  an  excavation  worker’s  ingestion,  dermal,  and 
inhalation  exposures  to  chemicals  in  subsurface  soil  were  5x1 0■^  1x10'^,  and  4x1  o  ”,  respectively  (see 
Tables  3-33,  3-34,  and  3-35).  Hazard  indices  associated  with  ingestion  and  dermal  exposures  to 
chemicals  in  subsurface  soil  were  less  than  one  for  the  ingestion  and  dermal  pathways  (noncarcinogenic 
hazard  indices  were  not  evaluated  for  the  inhalation  pathway  since  no  COPCs  in  subsurface  soil  have 
inhalation  RfCs). 

3.5.1. 4  Sediment 

Excess  lifetime  cancer  risks  associated  with  child  resident  ingestion  and  dermal  exposures  to 
chemicals  in  sediment  from  the  Marsh  Area  grouping  were  3x10  ®  and  4x10  ®,  respectively  (see  Tables 
3-36  and  3-37).  Hazard  indices  associated  with  ingestion  and  dermal  exposures  to  chemicals  in  Marsh 
Area  sediment  were  less  than  one  for  child  residents  through  both  pathways. 

As  noted  in  the  exposure  section,  there  would  not  be  contact  exposures  to  chemicals  in  Open 
Water  grouping  sediment,  since  this  sediment  would  not  be  accessible  for  contact  exposures. 

As  noted  earlier,  the  discussion  regarding  screening  criteria  exceedances  focuses  only  on  those 
chemicals  that  significantly  exceeded  respective  screening  levels.  After  reviewing  the  sediment  data  on 
an  AREE  by  AREE  basis,  it  was  determined  that  only  Iron  exceeded  its  RBC.  All  three  samples  where 
exceedances  occurred  are  located  in  the  central  portion  of  OU1.  Sample  RISD1 1  had  an  exceedance  of 
approximately  1 1  times  its  RBC  and  is  located  in  the  marshy  area  between  AREEs  4  and  5.  Samples 
RISD13  and  RISD21  had  exceedances  of  12  and  22,  respectively.  RISD13  is  located  near  the  middle  of 
Marumsco  Creek  just  south  of  AREE  4,  where  RISD21  Is  closer  to  the  shore  just  north  of  the  western 
edge  of  AREE  6B. 

3.5.1.5  Surface  Water 

No  COPCs  in  Marsh  Area  surface  water  had  carcinogenic  toxicity  criteria  so  risks  were  not 
calculated  for  exposures  to  COPCs  in  this  area.  The  hazard  index  for  dermal  absorption  of  chemicals  in 
Marsh  Area  surface  water  by  child  residents  was  less  than  1  (see  Table  3-38),  indicating  that 
noncarcinogenic  adverse  effects  would  not  be  likely  to  occur. 

In  the  Open  Water  Area,  all  chemicals  that  exceeded  RBCs  were  within  background  levels,  thus 
no  COPCs  were  selected  (instead,  risks  for  these  chemicals  were  presented  in  the  Uncertainty  Section). 
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3.5.2  Cumulative  Risks 

Individuals  may  be  exposed  at  one  time  by  a  combination  of  pathways,  and  therefore,  the 
combined  pathway  risks  for  plausible  multiple  pathway  exposures  were  calculated.  Cumulative  risk 
estimates  were  calculated  for  child  and  adult  residents,  and  for  excavation  workers,  who  were  assumed 
to  be  exposed  under  future  land-use  conditions. 

3.5.2.1  Child  and  Adult  Residents 

The  summary  of  cumulative  risks  and  hazard  indices  for  child  and  adult  residents  are  presented 
in  Table  3-39.  As  shown  in  this  table,  the  cumulative  risks  for  children  and  adults  were  6x10'®  and  4x1  O' 
both  were  in  the  mid-  to  high-range  of  the  IxlO"®  to  1x10"^  risk  range  for  health  protectiveness  at 
Superfund  sites.  The  cumulative  hazard  index  for  both  child  and  adult  residents  was  above  one  (16  for 
children  and  eight  for  adults),  due  to  exposures  to  COPCs  in  groundwater.  Adverse  effects  to  both  child 
and  adult  residents  could  be  associated  with  the  CNS  (due  to  ingestion  of  manganese  in  groundwater) 
and  decreased  birth  weight  (due  to  dermal  absorption  of  PCB-1016  in  groundwater).  Although  the 
hazard  index  for  iron  was  exceeded  for  ingestion  by  child  and  adult  residents,  iron  is  not  associated  with 
a  specific  target  organ/critical  effect. 

3.5.2.2  Excavation  Workers 

A  summary  of  cumulative  risks  for  hypothetical  future  excavation  workers  is  also  presented  in 
Table  3-39.  As  shown  in  this  table,  the  cumulative  risk  for  excavation  workers  was  2x10'®,  which  is  at  the 
low  end  of  the  1x10"®  to  1x10''’  risk  range  for  health  protectiveness  at  Superfund  sites.  The  cumulative 
hazard  index  was  equal  to  2,  due  to  Ingestion  of  iron  (which  is  not  associated  with  a  specific  target 
organ/critical  effect). 

3.6  UNCERTAINTY  ANALYSIS 

There  is  a  large  degree  of  uncertainty  associated  with  the  estimates  of  human  health  risks  in  any 
risk  assessment.  Consequently,  the  estimates  calculated  for  OU1  should  not  be  construed  as  absolute 
estimates  of  risk  but  rather  as  conditional  estimates  based  on  a  number  of  assumptions  regarding 
exposure  and  toxicity.  In  general,  the  primary  sources  of  uncertainty  are  associated  with  environmental 
sampling  and  analysis;  selection  of  chemicals  for  evaluation;  exposure  assessment;  and  toxicological 
data. 


A  thorough  understanding  of  the  uncertainties  associated  with  the  risk  estimates  is  critical  to 
understanding  the  true  nature  of  the  estimated  risks  and  to  placing  the  estimated  risks  in  proper 
perspective.  Some  of  the  more  important  sources  of  uncertainty  associated  with  the  estimations  of  risk 
at  OU1  are  summarized  below. 

3.6.1  Environmental  Sampling  and  Analysis 

Uncertainty  in  environmental  chemical  analysis  can  stem  from  several  sources  including  errors 
inherent  in  the  sampling  or  analytical  methods.  Analytical  precision  or  accuracy  errors  can  be  the  source 
of  a  great  deal  of  uncertainty.  There  is  uncertainty  associated  with  chemicals  reported  in  samples  at 
concentrations  below  the  reported  detection  limit,  but  still  included  in  data  analysis,  and  with  those 
chemicals  qualified  with  the  letter  J,  indicating  that  the  concentrations  are  estimated.  The  effects  of 
using  data  with  these  uncertainties  may  over-  or  under-estimate  risks. 

3.6.2  Selection  of  Chemicals  for  Evaluation 

A  comparison  of  maximum  detected  chemical  concentrations  to  USEPA  Region  III  RBCs  was 
conducted  for  each  medium.  Chemicals  whose  maximum  concentrations  were  below  their  respective 
RBCs  were  not  carried  through  the  assessment.  It  is  unlikely  that  this  risk-based  screening  would  have 
excluded  chemicals  that  would  be  of  concern,  based  on  the  conservative  exposure  assumptions  and 
conservatively  derived  toxicity  criteria  that  are  the  basis  of  the  RBCs.  Although  following  this 
methodology  does  not  provide  a  quantitative  risk  estimate  for  all  chemicals,  it  focuses  the  assessment 
on  the  chemicals  accounting  for  the  greatest  risks  (i.e.,  chemicals  whose  maximum  concentrations 
exceeded  their  respective  RBCs),  and  the  overall  cumulative  risk  estimates  would  not  be  expected  to  be 
significantly  (if  at  all)  greater. 
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There  is  uncertainty  associated  with  eliminating  inorganic  chemicals  from  evaluation  based  on 
comparisons  of  site  and  background  data.  Although  at  least  five  site  and  five  background  samples  were 
used  to  conduct  statistical  analyses,  there  nevertheless  exists  some  uncertainty  associated  with  the 
inorganic  chemical  selection  process  if  the  background  samples  do  not  adequately  characterize  true 
background  concentrations.  Therefore,  in  accordance  with  USEPA  Region  III  policy,  an  evaluation  was 
conducted  for  chemicals  that  were  determined  to  be  within  background  concentrations,  but  that 
exceeded  their  respective  RBCs.  Risk  estimates  were  calculated  for  all  chemicals  that  were  classified  as 
"b"  (within  background  levels  but  above  respective  RBCs)  in  Tables  3-3  through  and  3-8  for  groundwater, 
surface  soil,  subsurface  soil,  and  surface  water.  As  shown  in  Tables  3-40  through  3-48,  risks  for  all 
chemicals  and  pathways  were  typically  similar  in  order  of  magnitude  as  risks  associated  with  exposures 
to  COPCs.  Consequently,  eliminating  chemicals  as  COPCs  that  were  within  background  concentrations, 
but  greater  than  RBCs,  did  not  significantly  alter  the  conclusions  concerning  risks  associated  with 
exposures  to  site-related  inorganic  concentrations. 

3.6.3  Exposure  Assessment 

There  are  several  sources  of  uncertainty  in  the  exposure  assessment,  including  the 
determination  of  the  exposure  point  concentrations,  the  selection  of  input  parameters  used  to  estimate 
chemical  intakes  ([LJADDs),  and  other  assumptions  used  in  the  exposure  models.  The  uncertainties 
associated  with  these  various  sources  are  discussed  below. 

When  calculating  exposure  point  concentrations  from  sampling  data,  >4  of  the  reported  detection 
limit  was  used  for  non-detected  concentrations  in  the  calculation  of  the  95%  UCL.  Any  approach  dealing 
with  non-detected  chemical  concentrations  is  associated  with  some  uncertainty.  This  is  because 
chemicals  that  were  not  detected  at  the  specified  detection  limit  may  be  absent  from  the  medium  or  may 
be  present  at  any  concentration  below  the  detection  limit.  The  uncertainty  in  the  exposure  point 
concentration  will  increase  as  the  number  of  non-detects  in  a  data  set  increases. 

The  95%  UCL  was  used  preferably  as  the  exposure  point  concentration  for  each  medium.  If  the 
95%  UCL  exceeded  the  maximum  detected  value,  the  maximum  was  conservatively  used  as  a  default 
for  the  exposure  point  concentration.  Using  a  value  that  is  based  on  one  sampling  location  (i.e.,  the 
maximum)  is  associated  with  some  uncertainty,  and  adds  a  great  deal  of  conservatism  to  the 
assessment.  Maximum  detected  concentrations  were  typically  used  as  the  exposure  point 
concentrations  for  Marsh  Area  surface  water  and  for  Marsh  Area  and  Open  Water  Area  sediment,  likely 
resulting  in  an  overestimate  of  risk  for  pathways  associated  with  these  media. 

Uncertainty  is  associated  with  how  data  are  grouped  for  evaluation.  Risk  estimates  can  be 
calculated  differently  as  a  result  of  samples  being  grouped  in  different  ways.  The  quantitative  risk 
evaluation  grouped  samples  on  a  site-wide  basis  since  exposure  scenarios  would  more  likely  encompass 
broader  areas  of  OU1  rather  than  individual  AREEs.  Since  some  exposure  point  concentrations  were 
lower  than  they  would  have  been  if  groupings  had  been  made  on  an  AREE  by  AREE  basis,  qualitative 
analyses  of  elevated  concentrations  were  performed  for  each  medium  and  are  presented  in  Sections 
3.5.1. 1  through  3.5.1. 4. 

With  respect  to  determining  exposure  point  concentrations,  it  was  assumed  that  the  concentra¬ 
tions  of  chemicals  in  the  media  evaluated  would  remain  constant  over  time.  Depending  on  the 
properties  of  the  chemicals  and  the  media  in  which  they  were  detected,  this  assumption  could 
overestimate  risks  to  a  low  or  high  degree,  since  it  is  possible  that  chemicals  could  degrade  or  be 
transported  to  other  media. 

An  underlying  assumption  of  the  risk  assessment  is  that  individuals  in  the  site  would  engage  in 
certain  activities  that  would  result  in  exposures  via  each  selected  pathway.  However,  even  if  an 
individual  engaged  in  an  activity,  it  is  not  necessarily  true  that  an  exposure  would  be  experienced. 

The  parameter  values  used  to  describe  the  extent,  frequency,  and  duration  of  exposure  are 
associated  with  some  uncertainty.  Actual  risks  for  certain  individuals  within  an  exposed  population  may 
vary  from  those  predicted  depending  upon  their  actual  intake  rates  (e.g.,  soil  ingestion  rates),  nutritional 
status,  or  body  weights.  The  exposure  assumptions  were  selected  to  produce  an  upper-bound  estimate 
of  exposure  in  accordance  with  USEPA  guidelines  regarding  evaluation  of  potential  exposures  at 
Superfund  sites  (e.g.,  soil  exposures  were  assumed  to  occur  for  350  days/year  for  30  years  for  adult 
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residents).  In  addition,  many  USEPA  (1989a)  default  exposure  parameters  are  highly  conservative  and 
are  based  on  risk  management  interpretations  of  limited  data.  An  example  is  soil  ingestion  rates,  which 
were  used  to  evaluate  soil  ingestion  exposures.  Although  current  USEPA  guidance  recommends  default 
soil  ingestion  rates  of  100  mg/day  for  those  over  six  years  of  age,  other  studies,  such  as  Calabrese  et  al. 
(1990),  have  shown  that  the  USEPA  default  soil  ingestion  rate  of  100  mg/day  is  likely  to  greatly 
overestimate  exposures  and  risks.  In  addition,  all  chemicals  in  soil  and  sediment  were  assumed  to  be 
100%  bioavailable;  this  assumes  that  all  ingested  chemicals  present  in  a  soil  or  sediment  matrix  are 
absorbed  through  the  gastrointestinal  tract,  which  is  unlikely  due  to  their  affinity  to  the  soil  or  sediment 
particles.  Therefore,  based  on  the  conservative  exposure  assumptions  used  in  the  risk  assessment, 
exposures  and  estimated  potential  risks  are  likely  to  be  overestimated  for  the  exposure  pathways. 

Evaluation  of  the  dermal  exposure  pathway  is  affected  by  uncertainties  in  exposure  parameters 
specific  to  dermal  contact.  For  example,  there  is  uncertainty  associated  with  the  exposed  skin  surface 
areas  used,  since  the  choice  of  exposed  body  parts  could  slightly  over-  or  under-estimate  risks.  More 
significant  uncertainties  are  associated  with  the  selection  and  use  of  dermal  absorption  fractions.  Very 
limited  information  is  available  on  dermal  absorption  of  chemicals  from  contacted  soil  and  sediment 
under  realistic  environmental  conditions.  In  fact,  there  are  no  actual  human  epidemiological  data  to 
support  the  hypothesis  that  absorption  of  soil-  or  sediment-bound  compounds  under  realistic  exposure 
conditions  is  a  complete  route  of  exposure.  Therefore,  evaluation  of  dermal  absorption  of  COPCs  from 
soil  or  sediment  may  result  in  an  overestimation  of  risks. 

3.6.4  Toxicological  Data 

In  most  RAs,  one  of  the  largest  sources  of  uncertainty  is  health  criteria  values.  The  health 
criteria  used  to  evaluate  long-term  exposures,  such  as  reference  doses  or  cancer  slope  factors,  are 
based  on  concepts  and  assumptions  that  bias  an  evaluation  in  the  direction  of  over-estimation  of  health 
risk.  As  USEPA  notes  in  its  Guidelines  for  Carcinogenic  Risk  Assessment  (USEPA,  1986a): 

There  are  major  uncertainties  in  extrapolating  both  from  animals  to  humans  and  from  high  to  low 
doses.  There  are  important  species  differences  in  uptake,  metabolism,  and  organ  distribution  of 
carcinogens,  as  well  as  species  and  strain  differences  in  target  site  susceptibility.  Human 
populations  are  variable  with  respect  to  genetic  constitution,  diet,  occupational  and  home 
environment,  activity  patterns,  and  other  cultural  factors. 

These  uncertainties  are  compensated  for  by  using  upper-bound  95%  UCLs  or  maximum 
likelihood  estimates  for  cancer  slope  factors  for  carcinogens,  and  safety  factors  for  reference  doses  for 
noncarcinogens.  The  assumptions  provide  a  rough  but  plausible  estimate  of  the  upper  limit  of  risk. 

For  dermal  exposure  pathways,  the  absence  of  dermal  toxicity  criteria  necessitated  the  use  of 
oral  toxicity  data.  To  calculate  risk  estimates  for  the  dermal  pathway,  therefore,  absorbed  dermal  doses 
were  combined  with  oral  toxicity  values.  As  described  in  Section  3.4,  oral  toxicity  values,  which  are 
typically  expressed  in  terms  of  potential  (or  administered)  doses,  should  be  adjusted  when  assessing 
dermal  doses,  which  are  expressed  as  internal  (or  absorbed)  doses.  In  this  assessment,  absolute  oral 
absorption  factors  that  reflect  the  toxicity  study  conditions  were  used  to  modify  the  oral  toxicity  criteria. 
For  those  chemicals  for  which  sufficient  information  is  lacking,  a  default  oral  absorption  factor  of  100% 
(1.0)  was  used.  The  risk  estimates  for  the  dermal  pathways  may  be  underestimated  where  a  default  oral 
absorption  factor  of  100%  was  used,  and  may  be  over-  or  underestimated  for  chemicals  for  which 
chemical-specific  oral  absorption  factors  were  used,  depending  on  how  closely  these  values  reflect  the 
difference  between  the  oral  and  dermal  routes. 

Delta-BHC  could  not  be  quantitatively  evaluated  because  no  toxicity  criteria  exist  for  this 
compound.  Although  oral  toxicity  criteria  exist  for  other  BHC  congeners  (e.g.,  alpha-,  beta-  and  gamma- 
BHC),  although  none  has  the  same  Class  D  weight-of-classification  as  delta-BHC  (i.e.,  the  other  BHC 
congeners  are  Class  B2  and  C  carcinogens).  Therefore,  no  other  BHC  congener  was  used  as  a 
surrogate  to  evaluate  potential  ingestion  risks.  Although  not  quantifying  risks  for  delta-BHC  could 
underestimate  groundwater  ingestion  and  dermal  risks,  risks  would  not  likely  be  significantly 
underestimated,  because  delta-BHC  was  detected  in  only  1/43  samples  at  a  very  low  concentration 
(0.007  ng/L)  and  chemicals  that  drove  risks  for  the  groundwater  pathways  were  detected  at  much  greater 
concentrations. 
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In  addition,  lead  was  present  in  groundwater  at  a  concentration  above  the  action  level  of  15  |xg/L, 
but  within  background  leveis.  Lead  does  not  have  toxicity  criteria,  thus  exposures  to  this  compound 
could  not  be  evaluated;  however,  lead  was  detected  in  21/55  samples,  with  five  of  the  samples  having 
concentrations  exceeding  the  action  level  (up  to  a  maximum  concentration  of  54  ixg/L).  Nevertheless, 
because  there  are  no  plans  to  use  groundwater  at  OU1,  adverse  effects  associated  with  exposures  to 
lead  would  not  occur. 

3.7  SUMMARY  AND  CONCLUSIONS 

3.7.1  Selection  of  Chemicals  for  Evaluation 

This  risk  assessment  was  performed  to  evaluate  the  potential  human  health  effects  associated 
with  chemical  contamination  at  OU1 .  The  first  task  of  the  HHRA  was  to  summarize  chemicals  found  in 
groundwater,  surface  soil,  subsurface  soil,  sediment,  and  surface  water  at  OU1 .  The  data  for  sediment 
and  surface  water  were  then  separated  into  groupings,  according  to  areas  of  exposure. 

After  the  data  were  summarized,  maximum  concentrations  of  detected  chemicais  were 
compared  to  USEPA  Region  III  RBCs.  If  the  chemical  concentrations  exceeded  the  RBCs,  they  were 
retained  as  COPCs.  The  next  step  in  the  screening  process  was  to  statisticaliy  compare  on-site  and 
background  chemicai  concentrations  for  inorganic  chemicals  that  were  not  screened  out  in  the  RBC 
screening.  If  inorganic  chemical  concentrations  were  within  background  levels,  they  were  not  considered 
to  be  COPCs.  Risks  for  these  inorganic  chemicals  present  at  concentrations  greater  than  RBCs  but 
within  background  levels  also  were  evaluated,  although  separately  from  site-related  COPCs.  Chemicals 
that  were  not  eliminated  as  a  result  of  both  the  RBC  and  background  screening  procedures  were 
considered  to  be  COPCs,  and  were  retained  for  detailed  evaluation  in  the  risk  assessment. 

3.7.2  Exposure  Assessment 

In  order  to  streamline  this  assessment,  potential  exposure  pathways  for  hypothetical  future 
residents  at  WRF  were  evaluated,  even  though  such  exposures  would  not  likely  occur,  since  the  site  will 
be  transferred  to  the  USFWS  in  the  future.  The  following  exposure  pathways  were  evaluated  in  the  risk 
assessment: 

•  Ingestion  of  COPCs  in  groundwater  by  on-site  child  and  adult  residents; 

•  Dermal  absorption  of  COPCs  in  groundwater  by  on-site  child  and  adult  residents  while 
bathing; 

•  Incidental  ingestion  of  COPCs  in  soil  by  on-site  child  and  adult  residents; 

•  Dermal  absorption  of  COPCs  in  soil  by  on-site  child  and  adult  residents; 

•  Incidental  ingestion  of  COPCs  in  subsurface  soil  by  excavation  workers; 

•  Dermal  absorption  of  COPCs  in  subsurface  soil  by  excavation  workers; 

•  Inhalation  of  airborne  particulate  matter  from  subsurface  soil  by  excavation  workers; 

•  Incidental  ingestion  of  COPCs  in  sediment  from  the  Marsh  Area  grouping  by  on-site  child 
residents; 

•  Dermal  absorption  of  COPCs  in  sediment  from  the  Marsh  Area  grouping  by  on-site  child 
residents; 

•  Incidental  ingestion  of  COPCs  in  surface  water  from  the  Open  Water  Area  by  on-site  adult 
residents  while  swimming; 

•  Dermal  absorption  of  COPCs  in  surface  water  from  the  Open  Water  Area  by  on-site  adult 
residents  while  swimming;  and 

•  Dermal  absorption  of  COPCs  in  surface  water  from  the  Marsh  Area  by  on-site  child  residents 
while  wading. 
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An  RME  case  was  evaluated  in  this  risk  assessment,  in  order  to  place  a  conservative  upper- 
bound  on  the  potential  risks,  meaning  that  the  risk  estimates  were  unlikely  to  be  underestimated  but  may 
very  well  have  been  overestimated.  ADDs  for  noncarcinogenic  effects  and  LADDs  for  carcinogenic 
effects  were  estimated  using  exposure  point  concentrations  and  assumptions  to  characterize  human 
exposure  to  COPC  from  the  site  via  oral  and  dermal  pathways.  lECs  were  determined  to  characterize 
human  exposures  to  COPC  from  the  site  via  the  inhalation  pathway.  ADDs/LADDs  or  lECs  were  then 
compared  to  relevant  toxicity  criteria  to  calculate  risks  associated  with  the  evaluated  exposures.  The 
resulting  risk  estimates  were  the  upper-bound  excess  lifetime  cancer  risks  for  carcinogenic  chemicals 
and  hazard  indices  for  noncarcinogenic  chemicals.  Using  the  risk  or  hazard  index  values,  risks  and 
potential  adverse  effects  from  exposure  to  site-related  chemicals  were  assessed.  Cancer  risk  estimates 
were  compared  to  USEPA's  target  risk  range  for  health  protectiveness  at  Superfund  sites  of  1x10"^  to 
1x10"^,  as  recommended  by  USEPA  (1990b).  The  potential  for  adverse  noncarcinogenic  effects  was 
assessed  by  comparing  the  noncarcinogenic  hazard  indices  to  a  value  of  one;  a  hazard  index  less  than 
one  indicates  that  adverse  noncarcinogenic  health  effects  would  not  be  expected  to  occur.  The  following 
sections  summarize  the  results  of  the  quantitative  risk  assessment. 

3.7.3  Toxicity  Assessment 

For  each  COPC,  quantitative  oral  toxicity  criteria  were  compiled  to  evaluate  ingestion  and 
dermal  pathways,  while  quantitative  inhalation  toxicity  criteria  were  compiled  to  evaluate  the  inhalation 
pathway.  The  toxicity  criteria  were  obtained  primarily  from  USEPA's  IRIS  and  HEAST.  USEPA- 
approved  oral  health  effects  criteria  were  not  available  for  delta-BHC  and  lead,  which  were  identified  as 
COPCs  in  groundwater  (uncertainties  associated  with  not  evaluating  these  compounds  are  discussed  in 
the  Uncertainty  Section). 

3.7.4  Risk  Characterization 

3.7.4.1  Groundwater 

Excess  lifetime  cancer  risks  associated  with  child  and  adult  groundwater  exposures  were  1x10"® 
and  3x10'®  for  ingestion,  and  were  2x10  ®  and  5x10  ®  for  dermal  absorption  of  chemicals  in  groundwater 
while  bathing.  Hazard  indices  associated  with  ingestion  and  dermal  exposures  to  chemicals  in 
groundwater  were  above  one  for  both  child  and  adult  receptors  for  both  pathways.  For  ingestion  of 
groundwater,  the  hazard  indices  were  10  and  5  for  child  and  adult  residents,  both  due  to  iron  (which  is 
not  associated  with  a  specific  target  organ/critical  effect)  and  manganese  (which  affects  the  CNS).  For 
dermal  absorption  of  chemicals  in  groundwater,  the  hazard  indices  were  5  and  3,  both  due  to  exposures 
to  PCB-1016  (associated  with  a  decrease  in  birth  weight). 

Since  exposures  to  the  most  conservative  receptor  for  groundwater  resulted  in  a  hazard  index 
greater  than  1,  risks  and  hazard  indices  for  hypothetical  future  workers  also  were  evaluated  for 
groundwater  exposures  (only  ingestion  risks  were  calculated,  since  dermal  exposures  to  workers  would 
likely  be  minimal  [i.e.,  primarily  via  washing  hands]).  Using  default  exposure  parameters  from  USEPA 
(1991a)  (i.e.,  ingestion  of  1  Uday,  250  days/year,  25  years,  for  a  70  kg  worker),  a  drinking  water  risk  of 
9x10'^  and  a  hazard  index  of  2  (due  to  iron). 

3.7. 4.2  Surface  Soil 

Excess  lifetime  cancer  risks  associated  with  child  and  adult  residential  exposures  to  chemicals  in 
surface  soil  were  8x1  O'®  and  4x10"®  for  incidental  ingestion,  and  were  9x10"®  and  3x10'®  for  dermal 
absorption.  Hazard  indices  associated  with  ingestion  and  dermal  exposures  to  chemicals  In  surface  soil 
were  less  than  one  for  both  ingestion  and  dermal  pathways. 

3.7. 4.3  Subsurface  Soil 

Excess  lifetime  cancer  risks  associated  with  an  excavation  worker's  ingestion,  dermal,  and 
inhalation  exposures  to  chemicals  in  subsurface  soil  were  5x10'^,  1x10'^,  and  4x10'”,  respectively. 
Hazard  Indices  associated  with  ingestion  and  dermal  exposures  to  chemicals  in  subsurface  soil  were  less 
than  one  for  the  ingestion  and  dermal  pathways  (noncarcinogenic  hazard  indices  were  not  evaluated  for 
the  inhalation  pathway  since  no  COPCs  in  subsurface  soil  have  inhalation  RfCs). 
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3. 7.4.4  Sediment 

Excess  lifetime  cancer  risks  associated  with  child  resident  ingestion  and  dermal  exposures  to 
chemicals  in  sediment  from  the  Marsh  Area  grouping  were  3x10'®  and  4x10®,  respertively.  Hazard 
indices  associated  with  ingestion  and  dermal  exposures  to  chemicals  in  Marsh  Area  sediment  were  less 
than  one  for  child  residents  through  both  pathways.  As  noted  earlier,  there  would  not  be  contact 
exposures  to  chemicals  In  Open  Water  grouping  sediment,  since  this  sediment  would  not  be  accessible 
for  contact  exposures. 

3.7.4.5  Surface  Water 

No  COPCs  in  Marsh  Area  surface  water  had  carcinogenic  toxicity  criteria  so  risks  were  not 
calculated  for  exposures  to  COPCs  in  this  area.  The  hazard  index  for  dermal  absorption  of  chemicals  in 
Marsh  Area  surface  water  by  child  residents  was  less  than  1 ,  indicating  that  noncarcinogenic  adverse 
effects  would  not  be  likely  to  occur.  In  the  Open  Water  Area,  all  chemicals  that  exceeded  RBCs  were 
within  background  levels,  thus  no  COPCs  were  selected  for  this  area. 

3.7.4.6  Cumulative  Risks 

Individuals  may  be  exposed  at  one  time  by  a  combination  of  pathways,  and  therefore,  the 
combined  pathway  risks  for  plausible  multiple  pathway  exposures  were  calculated.  Cumulative  risk 
estimates  were  calculated  for  child  and  adult  residents,  and  for  excavation  workers,  who  were  assumed 
to  be  exposed  under  future  land-use  conditions. 

Child  and  Adult  Residents.  Cumulative  risks  for  child  and  adult  residents  were  6x10  ®  and  4x10  ®, 
respectively,  both  in  the  mid-  to  high-range  of  the  1x10"®  to  1x10"^  risk  range  for  health 
protectiveness  at  Superfund  sites.  The  cumulative  hazard  index  for  both  child  and  adult  residents 
was  above  one  (16  for  children  and  eight  for  adults),  due  to  exposures  to  COPCs  in  groundwater. 
Adverse  effects  to  both  child  and  adult  residents  could  be  associated  with  the  CNS  (due  to 
ingestion  of  manganese)  and  decreased  birth  weight  (due  to  dermal  absorption  of  PCB-1016). 
Although  the  hazard  index  for  iron  was  exceeded  due  to  ingestion  exposures,  iron  is  not  associated 
with  a  specific  target  organ/critical  effect. 

Excavation  Workers.  The  cumulative  risk  for  excavation  workers  was  2x10"®,  which  is  at  the  low 
end  of  the  1x10"®  to  IxlO"  risk  range  for  health  protectiveness  at  Superfund  sites.  The  cumulative 
hazard  index  was  equal  to  2,  due  to  ingestion  of  iron  in  groundwater. 

3.7. 4.7  Overall  Risks  at  OU1 

The  most  significant  risks  associated  with  exposures  to  evaluated  media  at  OU1  are  associated 
with  ingestion  and  dermal  absorption  of  chemicals  in  groundwater  by  hypothetical  future  residents.  Even 
though  elevated  hazard  indices  were  calculated  for  exposures  to  chemicals  in  groundwater,  it  should  be 
noted  that  this  pathway  is  considered  to  be  highly  unlikely  for  several  reasons.  First,  residents  would  not 
likely  reside  at  WRF,  since  the  facility  will  be  transferred  to  the  USFWS.  Second,  drinking  water  is 
provided  by  the  local  water  supplier,  and  third,  the  high  iron  levels  would  preclude  individuals  from 
installing  drinking  water  wells  at  OU1 .  Risks  and  hazard  indices  associated  with  groundwater  ingestion 
for  the  next  most  conservative  receptor  (i.e.,  a  worker)  also  were  calculated,  and  the  risk  was  lower  than 
the  1x10"®  to  1x10"^  risk  range,  although  the  hazard  index  was  equal  to  2  (due  to  iron). 

Risks  associated  with  exposures  to  COPC  in  all  other  media  were  within  or  below  the  1x10"®  to 
1x10“*  risk  range  for  all  receptors,  while  all  noncancer  hazard  indices  were  lower  than  one,  indicating  the 
noncarcinogenic  adverse  effects  would  not  be  likely  to  occur. 

Risks  also  were  calculated  for  inorganics  that  were  present  at  concentrations  above  respective 
RBCs  but  within  background  levels.  Risks  and  hazard  indices  for  all  chemicals  and  pathways  were 
typically  in  the  same  order  of  magnitude  as  risks  and  hazard  indices  for  COPCs,  indicating  that  the 
elimination  of  chemicals  as  COPCs  that  were  within  background  concentrations,  but  greater  than  RBCs 
did  not  significantly  alter  the  conclusions  concerning  risks  associated  with  exposures  to  site-related 
inorganic  concentrations. 
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TABLE  3-1 

USEPA  REGION  III  RISK-BASED  CONCENTRATIONS  (RBCs)  FOR 
CHEMICALS  DETECTED  IN  GROUNDWATER  AND  SURFACE  WATER  AT 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  in  ug/L) 


Chemical  rbc  value  (a 


Organics: 

Acenaphthene 

Acenaphthylene 

Acetone 

Aldrin 

Anthracene 
Benzoic  acid 
delta-BHC 

gamma-BHC  (Lindane) 

gamma-Chlordane 

Chrysene 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Dieldrin 

Dimethylphthalate 
beta  Endosulfan 
Endosulfan  sulfate 
Endrin 

bis(2-Ethylhexyl)phthalate 
Fluoranthene 
Heptachlor 
Heptachlor  epoxide 
Isophorone 
Methoxychlor 
1  -Methyinaphthalene 
2-Methylnaphthalene 
4-Methylphenol 
PCB-1016 
Phenanthrene 
Phenol 
Pyrene 
Inorganics: 

Aluminum 

Arsenic 

Barium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Maanesium 


220 

110(b) 

370 

0.004 

1,100 

15,000 

NA 

0.052 

0.052 

9.2 

0.28 

0.2 

0.2 

0.0042 

37,000 

22(c) 

22(c) 

1.1 

4.8 
150 

0.0023 

0.0012 

71 

18 

110(b) 

110(b) 

18 

0.26 

110(b) 

2,200 

110 

3,700 

0.045 

260 

1.8 

400,000(d) 

18(e) 

220 

150 

1,100 

15(f) 

80,500(d) 


TABLE  3*1  (Continued) 

USEPA  REGION  III  RISK-BASED  CONCENTRATIONS  (RBCs)  FOR 
CHEMICALS  DETECTED  IN  GROUNDWATER  AND  SURFACE  WATER  AT 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  in  ug/L) _ 


Chemical_ RBC  Value  (a) 


Manganese 

84 

Nickel 

73 

Potassium 

100, 000(d) 

Selenium 

18 

Sodium 

100, 000(d) 

Thallium 

0.29(g) 

Vanadium 

26 

Zinc 

1,100 

(a)  Tfie^oundwaterand^urfacewatefRBC  values  are  from  USEPA  Region  III  Tap  Water  RBCs  (USEPA  1996a).  rtBCs  for 
noncarcinogenic  chemicals  are  based  on  a  hazard  quotient  of  0.1 ,  following  USEPA  Region  111  guidance.  RBC  values  are 
presented  only  for  chemicals  detected  in  groundwater  or  surface  water. 

(b)  The  RBC  for  pyrene  was  used  as  a  surrogate  for  noncarcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 

(c)  The  RBC  for  endosulfan  was  used. 

(d)  Value  is  an  allowable  dally  intake  (ADI)  level  for  essential  human  nutrients. 

(e)  The  RBC  for  chromium  VI  was  used. 

(f)  Because  no  RBC  exists  for  lead,  the  action  level  (USEPA  1990b)  was  used. 

(g)  The  most  conservative  value  for  thallium  salts  was  used. 

NA  =  Not  available. 


TABLE  3-2 

USEPA  REGION  III  RESIDENTIAL  SOIL  RISK-BASED  CONCENTRATIONS  (RBCs) 
FOR  CHEMICALS  DETECTED  IN  SOIL  AND  SEDIMENT  AT 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 


Concentrations  in  mi 


Chemical 

RBC  Value  (a) 

Organics: 

Acenaphthene 

470 

Acetone 

780 

Anthracene 

2,300 

Benzo(a)anthracene 

0.88 

Benzo(a)pyrene 

0.088 

Benzo(b)fluoranthene 

0.88 

Benzo(g,h,i)perylene 

230(b) 

Benzo(k)fluoranthene 

8.8 

Benzoic  acid 

31,000 

Chlordane 

0.49 

Chrysene 

88 

4,4'-DDD 

2.7 

4,4'-DDE 

1.9 

4,4'-DDT 

1.9 

Dibenz(a,h)anthracene 

0.088 

Dieldrin 

0.04 

Diethylphthalate 

6,300 

Endosulfan  sulfate 

47(c) 

bis(2-Ethylhexyl)phthalate 

46 

Fluoranthene 

310 

Fluorene 

310 

lndeno{1 ,2,3-c,d)pyrene 

0.88 

Methoxychlor 

39 

Methylene  chloride 

85 

1  -Methyinaphthalene 

230(b) 

2-Methylnaphthalene 

230(b) 

Naphthalene 

310 

PCB-1242 

0.083(d) 

PCB-1248 

0.083(d) 

PCB-1254 

0.16 

PCB-1260 

0.083(d) 

Phenanthrene 

230(b) 

Pyrene 

230 

Inorganics: 

Aluminum 

7,800 

Antimony 

3.1 

Arsenic 

0.43 

Barium 

550 

Beryllium 

0.15 

Cadmium 

3.9 

Calcium 

4,000,000(e) 

TABLE  3-2  (Continued) 

USEPA  REGION  III  RESIDENTIAL  SOIL  RISK-BASED  CONCENTRATIONS  (RBCs) 
FOR  CHEMICALS  DETECTED  IN  SOIL  AND  SEDIMENT  AT 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  in  mg/kg) _ 


Chemical_ RBC  Value  (a) 


Chromium 

39(f) 

Cobalt 

470 

Copper 

310 

Iron 

2,300 

Lead 

400(g) 

Magnesium 

800, 000(e) 

Manganese 

180 

Mercury ' 

2.3 

Nickel 

160 

Potassium 

1,000,000(6) 

Selenium 

39 

Silver 

39 

Sodium 

1,000,000(6) 

Vanadium 

55 

Zinc 

2,300 

(a)  the  soil  and  sediment  RBC  values  are  from  USEPA  Region  111  Residents  SWSBiSs  (USEPA  1996a).  RBC  values  are 
presented  for  chemicals  detected  in  soil  and/or  sediment.  RBCs  for  noncarcinogenic  chemicals  are  based  on  a  hazard 
quotient  of  0.1,  following  USEPA  Region  111  guidance. 

(b)  The  RBC  for  pyrene  was  used  as  a  surrogate  for  noncarcinogenic  polycyclic  aromatic  hydrocarbons  (PAHs)  lacking  RBCs. 

(c)  The  RBC  for  Endosulfan  was  used. 

(d)  Value  is  for  carcinogenic  PCBs. 

(e)  Value  is  an  allowable  daily  intake  (ADI)  level  for  essential  human  nutrients. 

(f)  The  RBC  for  Chromium  VI  was  used. 

(g)  Because  no  RBC  exists  for  lead,  the  residential  soil  screening  level  (USEPA  1994)  was  used. 


TABLE  3-3 

SUMMARY  OF  CHEMICALS  DETECTED  IN  GROUNDWATER 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  In  ug/L) _ 
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NRA  =  No  RBC  available.  Delta-BHC  was  selected  as  COPC  because  It  lacks  an  RBC  and  could  not  be  screened. 

NU  =  Not  used.  The  chemical  was  detected  In  all  samples,  thus  detection  limits  were  not  used  to  calculate  mean  concentrations. 
*  =  Selected  as  a  COPC. 


TABLE  3-4 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SURFACE  SOIL 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  In  mg/kg) _ 
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PCB-1248  1  /  57  57  0.0103  0.0130  0.223  0.083  Yes  ND 

PCB-1254  1  /  57  57  0.0239  0.0130  1.0  0.16  Yes  ND 

PCB-1260  7  /  57  57  0.218  0.0130  0.0310  -  10.8  0.083  Yes  ND 

Phenanthrene  9  /  57  57  0.244  0.0330  -  0.700  0.0540  -  6.29  230  No  0.0420  -  0.354 

Pyrene _ 14  /  57  57  0.334  0.0070  •  0.140  0.0090  •  12.3 _ 230 _ No  0.0090  •  0.0230 


TABLE  3-4  (Continued) 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SURFACE  SOIL 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 

(Concentrations  In  mg/kg) _ 
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TABLE  3-5 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SOIL  FROM  TEST  PITS  BY  EARTHTECH 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  in  mg/kg) _ 


TABLE  3-6 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SUBSURFACE  SOIL 
WOODBRIDQE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  In  mg/kg) _ 


Antimony  2  /  72  72  0.159  0.300  0.395  -  0.522  3.1  No  ND 

*  Arsenic  2  /  72  72  3.94  7.50  2.98  -  18.4  0.43  Yes  ND  Yes 

Barium  21  /  69  69  45.9  40.0  34.4  -  506  550  No  67.4  -  73.8 

b  Beryllium  47  /  64  64  0.504  0.200  0.237  -  2.44  0.15  Yes  0.346  -  1.02  No 

Cadmium  1  /  72  72  0.261  0.500  1.02  3.9  No  ND 


TABLE  3-6  (Continued) 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SUBSURFACE  SOIL 
WOODBRIDGE  RESEARCH  FACILITY  •  OU1 
_ (Concentrations  In  mg/kg) 


TABLE  3-7 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SEDIMENT 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  In  mg/kg) _ 
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TABLE  3-7  (Continued) 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SEDIMENT 
WOODBRIDGE  RESEARCH  FACILITY  •  OU1 
_ (Concentrations  In  mg/kg) _ 


TABLE  3-7  (Continued) 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SEDIMENT 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  in  mg/kg) 
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only  on  chemicals  in  the  Open  Water  Area.  Comparisons  to  background  for  the  Open  Water  Area  were  performed  only  for  inorganics  that  exceed  respective  RBCs  or  ADIs. 
b  =  Chemical  was  detected  at  concentrations  above  its  tap  water  RBC  or  ADI  but  within  background  levels  and  was  evaluated  separately  from  site-related  chemicals. 

NU  =  Not  used.  The  chemical  was  detected  In  all  samples,  thus  detection  limits  were  not  used  to  calculate  mean  concentrations. 

•  =  Selected  as  a  COPC. 


SUMMARY  OF  CHEMICALS  OF  POTENTIAL  CONCERN  AT  OU1 


=  Selected  as  a  COPC. 

=  Inorganic  chemical  within  background  levels,  but  above  residential  soil  RBCs  (for  soil  and  sediment)  or  tap  water  RBCs  (for  groundwater  and  surface  water). 


POTENTIAL  HUMAN  EXPOSURE  PATHWAYS  UNDER  HYPOTHETICAL  FUTURE  LAND-USE  CONDITIONS  AT  OU1 
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POTENTIAL  HUMAN  EXPOSURE  PATHWAYS  UNDER  HYPOTHETICAL  FUTURE  LAND-USE  CONDITIONS  AT  OU1 


TABLE  3-11 

EXPOSURE  POINT  CONCENTRATIONS  FOR  CHEMICALS  OF  POTENTIAL  CONCERN 
AT  WOODBRIDGE  RESEARCH  FACIUTY  -  OU1 


Chemicai 

Arithmetic 

Mean 

Maximum 

Detected 

Concentration 

95%  UCL 

Exposure  Point 
Concentration 

GROUNDWATER  fuan.1 

Organics: 

Aldrin 

0.00275 

0.0100 

0.00288 

0.00288 

delta-BHC 

0.00260 

0.0070 

0.00270 

0.00270 

gamma-BHC  (Lindane) 

0.00752 

0.214 

0.00449 

0.00449 

Dieidrin 

0.00276 

0.0170 

0.00285 

0.00285 

bis(2-Ethylhexyl)phthalate 

8.52 

130 

7.18 

7.18 

Heptachior 

0.00265 

0.0110 

0.00275 

0.00275 

Heptachlor  epoxide 

0.00469 

0.0880 

0.00396 

0.00396 

PCB-1016 

0.117 

2.93 

0.0906 

0.0906 

Inorganics: 

b  Aluminum 

2,290 

85,000 

1,930 

1,930 

b  Arsenic 

0.873 

4.10 

0.959 

0.959 

b  Barium 

47.2 

324 

57.0 

57.0 

b  Chromium 

26.2 

1,120 

10.2 

10.2 

Iron 

9,090 

109,000 

39,700 

39,700 

b  Lead 

4.05 

54.6 

4.11 

4.11 

Manganese 

619 

5,160 

1,220 

1,220 

b  Nickel 

21.2 

706 

13.0 

13.0 

b  Thallium 

0.0809 

1.70 

0.0686 

0.0686 

b  Vanadium 

9.94 

259 

7.56 

7.56 

SURFACE  SOIL  imc 
Organics: 


Benzo(a)anthracene 

0.0965 

2.0 

0.508 

0.508 

Benzo(a)pyrene 

0.106 

2.40 

0.493 

0.493 

Benzo(b)fluoranthene 

0.105 

2.19 

0.312 

0.312 

Dibenzo(a,  h)anthracene 

0.0660 

0.698 

0.383 

0.383 

lndeno(1 ,2,3-c,d)pyrene 

0.0862 

1.70 

0.273 

0.273 

PCB-1248 

0.0103 

0.223 

0.00867 

0.00867 

PCB-1254 

0.0239 

1.0 

0.0106 

0.0106 

PCB-1260 

ganics: 

0.218 

10.8 

0.0415 

0.0415 

Aluminum 

11,900 

21,100 

12,900 

12,900 

b  Arsenic 

3.69 

4.31 

3.94 

3.94 

b  Beryllium 

0.665 

1.33 

0.753 

0.753 

b  Chromium 

22.2 

96.7 

23.8 

23.8 

b  Iron 

20,400 

67,300 

22,300 

22,300 

b  Manganese 

179 

1,450 

213 

213 

Organics: 


Benzo(a)pyrene 

0.105 

0.440 

0.0999 

0.0999 

PCB-1248 

0.0114 

0.362 

0.00853 

0.00853 

PCB-1254 

0.00867 

0.163 

0.00792 

0.00792 

PCB-1260 

0.0290 

1.62 

0.0102 

0.0102 

TABLE  3>11  (Continued) 

EXPOSURE  POINT  CONCENTRATIONS  FOR  CHEMICALS  OF  POTENTIAL  CONCERN 
 AT  WOODBRIDGE  RESEARCH  FACILITY  -  OU1 


Chemical 

Arithmetic 

Mean 

Maximum 

Detected 

Concentration 

95%  UCL 

Exposure  Point 
Concentration 

Inorganics:  I 

Aluminum 

8,950 

20,700 

10,800 

10,800 

Arsenic 

3.94 

18.4 

4.04 

4.04 

b  Beiyllium 

0.504 

2.44 

0.676 

0.676 

b  Chromium 

15.6 

40.8 

19.0 

19.0 

b  Iron 

13,800 

40,400 

17,500 

17,500 

b  Manganese 

210 

3,270 

277 

277 

Vanadium 

29.3 

66.7 

38.4 

38.4 

SEDIMENT  fmo/kq^ 

Marsh  Area 

Organics: 

Benzo(a)pyrene 

0.0697 

0.198 

1.02E+21 

0.198  * 

PCB-1260 

0.0439 

0.130 

11.7 

0.130  * 

inorganics: 

Aluminum 

13,400 

13,700 

13,900 

13,700  * 

Beryllium 

0.742 

1.38 

6.17E+07 

1.38  * 

Iron 

19,600 

24,500 

46,600 

24,500  * 

Manganese 

286 

287 

NC 

287  * 

Vanadium 

48.5 

60.9 

87.4 

60.9  * 

Open  Water  Area 

Organics;  || 

Ben2o(a)pyrene 

0.0435 

0.195 

13.2 

0.195  * 

PCB-1260 

0.0151 

0.0840 

0.0309 

0.0309 

Inorganics: 

Aluminum 

8,760 

14,700 

44,000 

14,700  * 

b  Beryllium 

0.422 

1.26 

1.46 

1.26  * 

b  Iron 

17,200 

48,500 

31,500 

31,500 

b  Manganese 

494 

895 

1010 

895  * 

b  Vanadium 

39.4 

112 

75.6 

75.6 

SURFACE  WATER  (ualU 

Marsh  Area 

Inorganics: 

Iron 

1,860 

2,770 

223,000 

2,770  * 

Manganese 

58.5 

91.2 

1,600 

91.2  * 

Open  Water  Area 

Inorganics: 

b  Aluminum 

2,040 

5,070 

3,780 

3,780 

b  Iron 

2,770 

6,900 

4,850 

4,850 

b  Manganese 

195 

373 

259 

259 

from  site-related  chemicals. 

NC  =  Not  calculated  because  of  low  sample  size. 

*  =  Indicates  RME  concentration  is  the  maximum  detected  concentration. 


EXPOSURE  PARAMETERS  FOR  INGESTION  OF  CHEMICALS  IN  GROUNDWATER  BY  RESIDENTS  AT  OU1 
_ _ [FUTURE  LAND-USE  CONDITIONS] 
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TABLE  3-13 

EXPOSURE  PARAMETERS  FOR  DERMAL  ABSORPTION  OF  CHEMICALS  IN  GROUNDWATER  WHILE  BATHING 

BY  RESIDENTS  AT  OU1 

_ _ [FUTURE  LAND-USE  CONDITIONS] 
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TABLE  3-14 

PARAMETERS  FOR  CALCULATING  DA, 
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TABLE  3-15 

EXPOSURE  PARAMETERS  FOR  INCIDENTAL  INGESTION  OF  CHEMICALS  IN  SURFACE  SOIL  BY  RESIDENTS  AT  OU1 
_  [FUTURE  LAND-USE  CONDITIONS] 
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EXPOSURE  PARAMETERS  FOR  DERMAL  ABSORPTION  OF  CHEMICALS  IN  SUBSURFACE  SOIL  BY  EXCAVATION  WORKERS  AT  OU1 
_ _ [FUTURE  LAND-USE  CONDITIONS] 
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(a)  The  value  for  surface  area  assumed  that  hands  and  arms  are  available  for  exposures. 
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EXPOSURE  PARAMETERS  FOR  INHALATION  OF  AIRBORNE  PARTICULATE  MATTER  BY  EXCAVATION  WORKERS  AT  OU1 
_ _ [FUTURE  LAND-USE  CONDITIONS] 
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EXPOSURE  PARAMETERS  FOR  INCIDENTAL  INGESTION  OF  CHEMICALS  IN  SEDIMENT  BY  CHILD  RESIDENTS  AT  OU1 
_ _ [FUTURE  LAND-USE  CONDITIONS] 
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(a)  The  value  for  surface  area  assumed  that  hands.  Vi  arms.  V*  legs,  and  feet  are  available  for  exposures. 
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EXPOSURE  PARAMETERS  FOR  DERMAL  ABSORPTION  OF  CHEMICALS  IN  SURFACE  WATER  WHILE  SWIMMING  BY  ADULT  RESIDENTS  AT  OU1 
_ _ [FUTURE  LAND-USE  CONDITIONS] 
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TABLE  3-24 

EXPOSURE  PARAMETERS  FOR  DERMAL  ABSORPTION  OF  CHEMICALS  IN  SURFACE  WATER  BY  CHILD  RESIDENTS  AT  OU1  WHILE  WADING 
_ _ [FUTURE  LAND-USE  CONDITIONS] 


TABLE  3-25 

CHRONIC  ORAL  TOXICFTY  CRITERIA  FOR  CHEMICALS  OF  POTENTIAL  CONCERN  AT  OU1 


Oral  Toxicity  Criteria  for  Carcinogens 

Oral  Toxicity  Criteria  for  Noncarcinogens 

Chemical 

Oral  Slope 
Factor 

(mg/kg-day)’ 

Weight-of- 
Evidence 
Class  (a) 

Slope  Factor 
Source 

Chronic  Oral 
Reference  Dose 
(RfD) 

(mg/kg-day) 

Uncertainty 
Factor  (b) 

Target  Organ/ 

Critical  Effect  (c) 

RfD  Source 

Organics 

Aldrin 

1,7E+01 

62 

IRIS 

3E-05 

1,000 

Liver 

IRIS  1 

Benzo{a)anthracene 

B2 

IRIS 

— 

_ 

—  1 

Benzo{a)pyrene 

7.3E+00 

B2 

IRIS 

_ 

_ 

— 

Benzo(b)fluoranthene 

7.3E-01  (d) 

B2 

IRIS 

_ 

_ 

— 

delta-BHC 

— 

D 

IRIS 

— 

— 

— 

HEAST 

gamma-BHC 

B2/C 

HEAST 

3E-04 

100 

Liver/Kidney 

IRIS  1 

Dibenz(a.h)anthracene 

7.3E+00  (d) 

B2 

IRIS 

— 

—  1 

Dieldrin 

1.6E+01 

B2 

IRIS 

5E-05 

100 

Liver 

IRIS  1 

bis(2-Ethylhexyl)phthalate 

1.4E-02 

62 

IRIS 

2E-02 

1,000 

Liver 

IRIS  i 

Heptachlor 

4.5E+00 

B2 

IRIS 

5E-04 

300 

Liver 

IRIS  1 

Heptachlor  epoxide 

9.1E400 

B2 

IRIS 

1.3E-05 

1,000 

Liver 

IRIS  1 

lndeno(1 ,2,3-c,d)pyrene 

7.3E-01  (d) 

B2 

IRIS 

— 

_ 

_ 

—  1 

PCBs  (carcinogenic) 

7.7E+00 

B2 

IRIS 

— 

PCB-1016 

— 

— 

7E-05 

100 

<  Birth  Weight 

IRIS  i 

PCB-1254 

— 

— 

— 

2E-05 

300 

Eyes 

IRIS 

inorganics  1 

Aluminum 

— 

D 

NCEA 

1E+00 

100 

Developmental  Effects 

NCEA  1 

Arsenic 

1.5E+00 

A 

IRIS 

3E-04 

3 

Skin 

IRIS  1 

Barium 

— 

— 

— 

7E-02 

3 

Incr.  blood  pressure 

IRIS  1 

Beryllium 

4.3E+00 

B2 

IRIS 

5E-03  (e) 

100 

None  obsenred 

Chromium  (VI) 

A 

IRIS 

5E-03 

500 

CNS 

IRIS  1 

Iron 

— 

— 

3E-01 

— 

NCEA  1 

Lead 

— 

B2 

IRIS 

— 

CNS 

IRIS  1 

Manganese 

— 

D 

IRIS 

2.4E-02 

3 

CNS 

IRIS  H 

Nickel 

-  (f) 

— 

— 

2E-02 

300 

Body  Weight 

IRIS  1 

Thallium 

— 

D 

IRIS 

8E-05  (g) 

3,000 

None  observed 

Vanadium 

7E-03 

100 

None  observed 

liUjI 

(a)  USEPA  weight-of-evidence  classification  scheme  for  carcinogens: 

A  =r  Human  Carcinogen,  sufficient  evidence  of  carcinogenicity  In  humans; 

B1  =:  Probable  Human  Carcinogen,  limited  human  data  are  available; 

B2  =  Probable  Human  Carcinogen,  sufficient  evidence  of  carcinogenicity  in  animals  with  inadequate  or  lack  of  evidence  in  humans; 

C  =  Possible  Human  Carcinogen,  limited  evidence  from  animal  studies  in  the  absence  of  human  studies;  and 
D  =:  Not  classified  as  to  human  carcinogenicity,  inadequate  or  no  evidence. 

(b)  Uncertainty  factors  presented  are  the  products  of  specific  uncertainty  factors  and  modifying  factors.  Uncertainty  factors  used  to 
develop  reference  doses  gerieraily  a)nsist  of  multiples  of  10,  with  each  factor  representing  a  specific  area  of  uncertainty  in  the  data 
available.  The  standard  uncertainty  factors  include: 

-  a  10-fold  factor  to  account  for  the  variation  in  sensitivity  among  the  members  of  the  human  population; 

-  a  10-fold  factor  to  account  for  the  uncertainty  in  extrapolating  animal  data  to  the  case  of  humans; 

-  a  10-fold  factor  to  account  for  the  uncertainty  In  extrapolating  from  less-than-chronic  NOAELs  to  chronic  NOAELs; 

-  a  10-foId  factor  to  account  for  the  uncertainty  In  extrapolating  from  LOAELs  to  NOAELs. 

Modifying  factors  are  applied  at  the  discretion  of  the  RfD  reviewer  to  cover  other  uncertainties  in  the  data  and  range  from  1  to  10. 

(c)  A  target  organ  or  critical  effect  is  the  organ/effect  most  sensitive  to  the  chemical  exposure.  RfDs  are  based  on  toxic  effects  in  the  target 
organ  or  critical  effects,  if  an  RfO  is  based  on  a  study  in  which  a  target  organ  or  critical  effect  was  not  identified,  the  organ/effect  listed 

is  one  known  to  be  affected  by  the  chemical. 

(d)  The  cancer  slope  factor  for  benzo(a)  pyrene  was  used  to  evaluate  carcinogenic  PAHs,  along  with  the  TEF  approach.  The  TEFs  used  are  as 
follows:  ben2o(a)anthracene  (0.1),  benzo(b)fluoranthene  (0.1),  dlbenz(a,h)anthracene  (1.0),  and  indeno(1,2.3-c,d)pyrene  (0.1). 

(e)  The  oral  RfD  for  chromium  VI  was  conservatively  used  to  assess  chromium  exposures,  although  not  all  chromium  present  at  the  site  will  be 
in  this  form.  Because  the  RfD  for  chromium  was  derived  from  a  toxicity  study  in  which  no  effects  were  noted,  one  of  the  more  sensitive 
toxicological  effects.  CNS  effects,  was  designated  as  the  target  organ  of  concern. 

(f)  The  slope  factor  for  nickel  is  under  review. 

(g)  The  RfD  for  thallium  sulfate  was  used. 

—  =  No  information  available. 

CNS  =  Central  Nervous  System. 

NOTE:  IRIS  =  Integrated  Risk  Information  System  -  USEPA  1996b. 

HEAST  =  Health  Effects  Assessment  Summary  Tables  •  USEPA  1995a. 

NCEA  =  National  Center  for  Environmental  Assessment 


TABLE  3-26 

INHALATION  TOXICITY  CRITERIA  FOR  CHEMICALS  OF  POTENTIAL  CONCERN  AT  OU1 


Carcinogenic  Inhalation  Toxicity  Criteria 


Weight-of- 

Unit  Risk  Evidence  Unit  Risk 
(ug/m*)  *  Class  (a)  Source 


Noncarcinogenic  Inhalation  Toxicity  Criteria 


Inhalation 

Reference 

Concentration  Uncertainty  Target  Organ/ 

(RfC)  (mg/m*)  Factor  (b)  Critical  Effect  (c)  RfC  Source 


Ben20(a)pyrene 

1.7E-03  (d) 

B2 

IRIS 

PCBs  (carcinogenic) 

— 

B2 

IRIS 

PCB-1254 

— 

— 

— 

— 

inorganics 

Aluminum 

, 

Arsenic 

4.3E-03 

A 

IRIS 

— 

Beryllium 

2.4E-03 

B2 

IRIS 

— 

Chromium  (VI) 

1.2E-02 

A 

IRIS 

Iron 

— 

Manganese 

D 

IRIS 

5E-05 

1,000 

Vanadium 

— 

(a)  USEFA  weight-of-evidence  classification  scheme  for  carcinogens: 

A  =  Human  Carcinogen,  sufficient  evidence  of  carcinogenicity  in  humans; 

B1  =:  Probable  Human  Carcinogen,  limited  human  data  are  available; 

B2  =  Probable  Human  Carcinogen,  sufficient  evidence  of  carcinogenicity  in  animals  with  inadequate  or  lack  of  evidence  in  humans; 

C  =  Possible  Human  Carcinogen,  limited  evidence  from  animal  studies  in  the  absence  of  human  studies;  and 
D  =  Not  classified  as  to  human  carcinogenicity,  inadequate  or  no  evidence. 

(b)  Uncertainty  factors  presented  are  the  products  of  specific  uncertainty  factors  and  modifying  factors.  Uncertainty  factors  used  to 
develop  reference  doses  generally  consist  of  multiples  of  10.  with  each  factor  representing  a  specific  area  of  uncertainty  in  the  data 
available.  The  standard  uncertainty  factors  include: 

-  a  10-fold  factor  to  account  for  the  variation  In  sensitivity  among  the  members  of  the  human  population; 

-  a  1 0-fold  factor  to  account  for  the  uncertainty  in  extrapolating  animal  data  to  the  case  of  humans; 

-  a  10-fold  factor  to  account  for  the  uncertainty  in  extrapolating  from  less-than-chronic  NOAELs  to  chronic  NOAELs; 

-  a  1 0-fold  factor  to  account  for  the  uncertainty  in  extrapolating  from  LOAELs  to  NOAELs. 

Modifying  factors  are  applied  at  the  discretion  of  the  RfD  reviewer  to  cover  other  uncertainties  in  the  data  and  range  from  1  to  10. 

(c)  A  target  organ  or  critical  effect  is  the  organ/effect  most  sensitive  to  the  chemical  exposure.  RfDs  are  based  on  toxic  effects  In  the  target 
organ  or  critical  effects.  If  an  RfD  Is  based  on  a  study  in  which  a  target  organ  or  critical  effect  was  not  identified,  the  organ/effect  listed 
is  one  known  to  be  affected  by  the  chemical. 

(d)  The  unit  risk  for  ben20(a)pyrene  was  obtained  from  the  EPA  Region  111  RBC  table  and  was  converted  from  a  dose  to  a  concentration 
assuming  a  70-kg  adult  inhales  20  mVday. 

—  =  No  information  available. 

CNS  =  Central  Nervous  System. 

NOTE:  IRIS  =  Integrated  Risk  Information  System  -  USEPA  1996b. 

HEAST  =  Health  Effects  Assessment  Summary  Tables  -  USEPA  1995a. 


TABLE  3-27 

ADJUSTED  CHRONIC  ORAL  TOXICITY  CRITERIA  FOR  CHEMICALS  OF  POTENTIAL  CONCERN  AT  OU1  (a) 


Toxicity  Criteria  for  Carcinogens 

Toxicity  Criteria  for  Noncarcinogens  |{ 

Chemical 

Absolute 

Oral 

Absorption 

Factor 

Oral  Absorption 
Factor  Source 

Oral  Slope 
Factor 

(mg/kg-day)' 

Adjusted  Oral 
Slope  Factor  (b) 
(mg/kg-day)'" 

Chronic  Oral 
Reference  Dose 
(mg/kg-day) 

Adjusted  Ora! 
Reference  Dose  (c) 
(mg/kg-day) 

iorganics  I 

Aldrin 

1 

ATSDR  1991 

1.7E+01 

1.7E+01 

3E-05 

3E-05  \\ 

Benzo(a)anthrac8ne 

1 

Default  Value 

7.3E-01 

7.3E-01 

- 

Benzo(a)pyrene 

1 

Default  Value 

7.3E+00 

7.3E+00 

Benzo(b)f)uoranthene 

1 

Default  Value 

7.3E-01 

7.3E-01 

delta-BHC 

1 

Default  Value 

— 

gamma-BHC 

0.99 

ATSDR  1992 

1.3E+00 

1.3E+00 

3E-04 

3E-04 

Dibenz(a,h)anthracene 

1 

Default  Value 

7.3E+00 

7.3E+00 

Dieldrin 

1 

ATSDR  1991 

1.6E+01 

1.6E+01 

5E-05 

5E-05 

bjs(2-Ethylhexyl)phthalate 

0.55 

ATSDR  1991 

1.4E-02 

2.5E-02 

2E-02 

IE-02 

Heptachlor 

0.78 

ATSDR  1991 

4.5E+00 

5.8E+00 

5E-04 

4E-04 

Heptachlor  epoxide 

0.78 

ATSDR  1991 

9.1E+00 

1.2E+01 

1.3E-05 

1.0E-05 

lndeno(l  ,2,3-c,d)pyrene 

1 

Default  Value 

7.3E-01 

7.3E-01 

— 

PCBs  (carcinogenic) 

0.93 

ATSDR  1991 

7.7E+00 

8.3E+00 

— 

- 

PCB-1254  (d) 

0.93 

ATSDR  1991 

— 

7E-05 

7E-05  1 

PCB-1016(d) 

0.93 

ATSDR  1991 

— 

— 

2E-05 

2E-05  1 

Inorganics  I 

Aluminum 

1 

Default  Value 

— 

1E+00 

1E+00 

Arsenic 

1 

USEPA  1996a 

1.5E+00 

1.5E+00 

3E-04 

3E-04 

Barium 

0.05 

ATSDR  1990 

— 

— 

7E-02 

4E-03 

Beryllium 

0.005 

ATSDR  1992 

4.3E+00 

8.6E+02 

5E-03 

3E-05 

Chromium  (VI) 

0.1 

ASTDR  1991 

5E-03 

5E-04 

Iron 

1 

Default  Value 

— 

— 

3E-01 

3E-01 

Manganese 

0.055 

ATSDR  1990 

— 

2.4E-02 

1.3E-03 

Nickel 

0.1 

ATSDR  1991 

— 

2E-02 

2E-03 

Thallium 

1 

ATSDR  1992 

8E-05 

8E-05 

Vanadium 

0.03 

ATSDR  1992 

— 

— 

7E-03 

2E-04 

(a)  Adjusted  toxicity  criteria  are  used  to  evaluate  potential  risks  associated  with  dermal  exposures.  Only  COPCs  that  were  quantitatively 
evaluated  via  dermal  exposure  pathways  are  presented. 

(b)  Adjusted  slope  factors  were  calculated  by  dividing  the  slope  factor  by  the  absolute  oral  absorption  factor. 

(c)  Adjusted  reference  doses  were  calculated  by  multiplying  the  reference  dose  by  the  absolute  oral  absorption  factor. 

(d)  The  oral  absorption  fraction  for  total  PCBs  was  used  for  both  PCB  congeners. 


(a)  delta-BHC  is  not  evaluated  due  to  a  lack  of  toxicity  cdteria. 


TABLE  3-29 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN  GROUNDWATER 

BY  HYPOTHETICAL  FUTURE  RESIDENTS  AT  OU1  (a) 

FUTURE  LAND-USE  CONDITIONS 

RME 

Lifetime  Average  Daily 

RME^* 

Exposure  Point 

Dose 

Adjusted  Slope 

Excess  Lifetime  1 

Concentration 

Factor 

Weight-of-Evidence 

Cancer  Risk  1 

Carcinogenic  Chemical 

_ (ug^) 

Child 

Adult 

(mg/kg-day)’ 

Classification 

Child 

Adult 

Organics 

Aldrin 

0.00288 

1. IE-09 

3.0E-09 

1.7E+01 

B2 

2E-08 

5E-08 

gamma-BHC 

0.00449 

8.7E-09 

2.4E-08 

1.3E400 

B2/C 

IE-08 

3E-08 

Dieldrin 

0.00285 

1.2E-08 

3.3E-08 

1.6E-f01 

B2 

2E-07 

5E-07 

bis(2’Ethylhexyt)phthalate 

7.18 

6.6E-05 

1.8E-04 

2.5E-02 

B2 

2E-06 

5E-06 

Heptachlor 

0.00275 

7.5E-09 

2.1E-08 

5.8E+00 

B2 

4E-08 

IE-07 

Heptachlor  epoxide 

0.00396 

7.3E-10 

2.0E-09 

15E+01 

B2 

9E-09 

2E-08 

Total: 

2E-06 

5E-06 

RME 

RME 

Exposure  Point 

Average  Daily  Dose 

ADD:RfD 

Concentration 

(EgtolaYl _ 

Adjusted  RfD 

Target  Organ/ 

Ratio 

Noncarcinogenic  Chemical 

(ugA.) 

Child 

Adult 

(mg/kg-day) 

Critical  Effect 

chiid 

Adult  1 

Organics 

Aldrin 

0.00288 

1.3E-08 

6.9E-09 

3E-05 

Uver 

4E-04 

2E-04 

gamma-BHC 

0.00449 

1.0E-07 

5.6E-08 

3E-04 

Liver/Kidney 

3E-04 

2E-04 

Dieldrin 

0.00285 

1.4E-07 

7.7E-08 

5E-05 

Liver 

3E-03 

2E-03 

bis(2-Ethylhexy!)phthalate 

7.18 

7.8E-04 

4.3E-04 

IE-02 

Uver 

7E-02 

4E-02 

Heptachlor 

0.00275 

8.8E-08 

4.8E-08 

4E-04 

Uver 

2E-04 

IE-04 

Heptachlor  epoxide 

0.00396 

•  8.5E-09 

4.7E-09 

IE-05 

Uver 

8E-04 

5E-04 

PCB-1016 

0.0906 

8.9E-05 

4.9E-05 

2E-05 

<  Birth  Weight 

SE-fOO 

3E+00 

Inorganics 

Iron 

39,700 

5.9E-03 

3.2E-03 

3E-01 

..... 

2E-02 

IE-02 

Manganese 

1,220 

1.8E-04 

9.9E-05 

1.3E-03 

CNS 

1E-01 

8E-02 

Hazard  Index: 

5E+00 

3E-H)0 

(a)  delta-BHC  was  not  evaluated  due  to  lack  of  toxicity  criteria. 


TABLE  3-30 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  INGESTION  OF  GROUNDWATER 
BY  HYPOTHETICAL  FUTURE  WORKERS  AT  OU1  (a) 


FUTURE  LAND-USE  CONDITIONS 


(Carcinogenic  Chemical 

RME  Exposure 
Point  Concentration 

Lifetime 
Average  Daily 
Dose 

(mg/kg-dav) 

Slope  Factor 
JmgAcg-day)’ 

Weight-ot-Evidence 

Classification 

RME 

Excess  Lifetime  I 
Cancer  Risk  f 

Organics 

Aldrin 

0.00288 

1.0E-08 

1.7E+01 

B2 

2E-07  I 

gamma-BHC 

0.00449 

1.6E-08 

1,3E+00 

B2/C 

2E-08  1 

Dieldrin 

0.00285 

1.0E-08 

1.6E+01 

B2 

2E-07  1 

bis(2-Ethylhexyl)phthalate 

7.18 

2.5E-05 

1.4E-02 

B2 

4E-07  1 

Heptachlor 

0.00275 

9.6E-09 

4.5E+00 

B2 

4E-08  1 

Heptachlor  epoxide 

Total: 

0.00396 

1.4E-08 

9.1E+00 

B2 

IE-07 

9E-07 

RME 


Noncamnogemc^emlcal 

Organics 

Aldrin 

gamma-BHC 

Dieldrin 

bls(2-Ethylhexyl)phthalate 
Heptachlor 
Heptachlor  epoxide 
PCB-1016 
Inorganics 
Iron 

Manganese 
Hazard  Index; 


Exposure  Point 
Concentration 

_ (Mg/L) 


0.00288 

0.00449 

0.00285 

7.18 

0.00275 

0.00396 

0.0906 

39.700 

1,220 


Average  Daily 
Dose 

(mgA«g-day) 

RfD 

(mg/kg-dav) 

Target  Organ/ 
Critical  Effect 

RME 

ADDiRfD 

Ratio 

2.8E-08 

3E-05 

Liver 

9E-04 

4.4E-08 

3E-04 

Liver/Kidney 

IE-04 

2.8E-08 

5E-05 

Liver 

6E-04 

7,0E-05 

2E-02 

Liver 

4E-03 

2.7E-08 

5E-04 

Liver 

5E-05 

3,9E-08 

IE-05 

Liver 

3E-03 

8.9E-07 

7E-05 

<  Birth  Weight 

IE-02 

3.9E-01 

3E-01 

— 

1E+00 

1.2E-02 

2.4E-02 

CNS 

5E-01 

2E+00 

(a)  delta-BHC  is  not  evaluated  due  to  a  lack  of  toxicity  criteria. 


TABLE  3-31 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  INCIDENTAL  INGESTION  OF  SURFACE  SOIL 
BY  HYPOTHETICAL  FUTURE  RESIDENTS  AT  OU1 


Carctnojenlc^hemlca^^ 

Organics 

Benzo(a)anthracene 
Ben20(a)pyrene 
Ben20(b}fiuoranthene 
Diben2(a,h)anthracene 
lndeno(1  ^»3-c,d)pyrene 
PCB-1248 
PCB-1260 
Total: 


Noncarcinogeni^hemical 

Organics 
PCB-1254 
Inorganics 
Aluminum 
Hazard  Index: 


FUTURE  LAND-USE  CONDITIONS 


Exposure  Point  Lifetime  Average  Daily  Dose  Excess  Lifetime 

Concentration  _ (mg/kg-day) _ Slope  Factor  Weight-of-Evidence  Cancer  Risk 

(mg/kg)  Child  Adult  (mg/kg-day^  Classification  Child  .  Adult 


0.506 

5.57E-07 

2.98E-07 

7.3E-01 

B2 

4E-07 

2E-07 

0.493 

5.40E-07 

2.89E-07 

7.3E+00 

B2 

4E-06 

2E-06 

0.312 

3.42E-07 

1.83E-07 

7.3E-01 

B2 

2E-07 

IE-07 

0.383 

4.20E-07 

2.25E-07 

7.3E+00 

B2 

3E-06 

2E-06 

0.273 

2.99E-07 

1.60E-07 

7.3E-01 

B2 

2E-07 

IE-07 

0.00867 

9.50E-09 

5.09E-09 

7.7E+00 

B2 

7E-08 

4E-08 

0.0415 

4.55E-08 

2.44E-06 

7.7E+00 

B2  _ 

4E-07 

2E-07 

6E-06 

4E-06 

RME 

RME 

Exposure  Point 

Average  Daily  Dose 

ADD:RfD 

Concentration 

_ (wg^gtiay) 

RfD 

Target  Organ/ 

Ratio 

Child 

Adult 

~  (mg/kg-day) 

Critical  Effect 

Child 

Adult 

0.0106 

1.36E-07 

1.45E-08 

2E-05 

Eyes 

7E-03 

7E-04 

12.900 

1.65E-01 

1.77E-02 

lE-hOO 

Developmental  Effects _ 

2E-01 

2E-02 

2E-01  2E-02 


TABLE  3-34 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN  SUBSURFACE  SOIL 
BY  HYPOTHETICAL  FUTURE  EXCAVATION  WORKERS  AT  OU1 


FUTURE  LAND-USE  CONDITIONS 


TABLE  3-35 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  INHALATION  OF  PARTICULATE  MATTER  FROM  SUBSURFACE  SOIL 
BY  HYPOTHETICAL  FUTURE  EXCAVATION  WORKERS  AT  OU1 


FUTURE  LAND-USE  CONDITIONS 


Carcinogenic  Chemical 

RME 

Exposure  Point 
Concentration 
('"9^3) 

Inhalation 

Exposure 

Concentration 

(ug/m*) 

Unit  Risk 
(ug/mV 

Weight-of-Evidence 

Classification 

RME 

Excess  Lifetime 
Cancer  Risk 

Organics 

Ben20(a)pyrene 

0.0999 

2.47E-10 

1.7E-03 

B2 

4E-13 

Inorganics 

Arsenic 

4.04 

9.98E-09 

4.3E-03 

A 

4E-11 

Total: 

4E-11 

TABLE  3-36 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  INCIDENTAL  INGESTION  OF  MARSH  AREA  SEDIMENT 

BY  HYPOTHETICAL  FUTURE  CHILD  RESIDENTS  AT  OU1 

FUTURE  LAND-USE  CONDITIONS 

RME 

Lifetime 

Exposure  Point 

Average  Dally 

RME 

Concentration 

Dose 

Slope  Factor 

Weight-of-Evidence 

Excess  Lifetime 

Carcinogenic  Chemical 

Classification 

Cancer  Risk 

Organics 

Ben20(a)pyrene 

0.198  • 

6.20E-08 

7.3E+00 

B2 

5E-07 

PCB-1260 

0.13* 

4.07E-08 

7.7E+00 

B2 

3E-07 

Inorganics 

Beryllium 

1.38  * 

4.32E-07 

4.3E+00 

B2 

2E-06 

Total: 

3E-06 

HMb 

Exposure  Point 

Average  Dally 

RME 

Concentration 

Dose 

RfD 

Target  Organ/ 

ADD:RfD 

Noncarcinogenic  Chemical 

(mg/kg>day) 

(mg/kg-dav) 

Critical  Effect 

Ratio 

Inorganics 

Aluminum 

13,700  * 

5.00E-02 

1E+00 

Developmental  Effects 

5E-02 

Beryllium 

1,38* 

5.04E-06 

5E-03 

None  observed 

IE-03 

iron 

24,500  • 

8.95E>02 

3E-01 

..M. 

3E-01 

Manganese 

287  • 

1.05E-03 

2.4E-02 

CNS 

4E-02 

Vanadium 

60.9  * 

2.22E-04 

7E-03 

None  observed 

3E-02 

Hazard  Index: 

4E-01 

Maximum  detected  concentration. 


TABLE  3-37 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN  MARSH  AREA  SEDIMENT 

BY  HYPOTHETICAL  FUTURE  CHILD  RESIDENTS  AT  OU1 

FUTURE  LAND-USE  CONDITIONS 

Carcinogen|c Chemical^ 

RME 

Exposure  Point 
Concentration 
- (mg/kg) 

Lifetime 
Average  Daily 
Dose 

(mg/kg-dav) 

Adjusted 
Slope  Factor 
(mg/kg-davr 

Weight-of-Evidence 

Classification 

RME  1 

Excess  Lifetimel 
Cancer  Risk  | 

1  Organics  I 

II  Ben20(a)pyrene 

0.198  * 

6.82E-08 

7.3E+00 

B2 

5E‘07  1 

PCB-1260 

0.13  * 

2.69E-08 

8.3E+00 

B2 

PF-07  1 

Inorganics  I 

Beryllium 

Total: 

1.38* 

4.75E-08 

8.6E+02 

B2 

4E-05 

4E-05 

HMlS 

Exposure  Point 

Average  Dally 

RME 

Noncarcinogenic  Chemical 

Concentration 

Dose 

Adjusted  RfD 

Target  Organ/ 

ADD:RfD 

■CjIlSSEBn 

Critical  Effect 

Ratio 

Inorganics  1 

Aluminum 

13,700  * 

5.51  E-03 

1E+00 

Developmental  Effects 

6E-03 

Beryllium 

1.38  * 

5.55E-07 

3E-05 

None  observed 

2E-02 

Iron 

24,500  * 

9.84E-03 

3E-01 

3E-02 

Manganese 

287  * 

1.15E-04 

1.3E-03 

CNS 

9E-02 

Vanadium 

Hazard  Index: 

60.9  * 

2.45E-05 

2E-04 

None  observed 

IE-01 

3E-01  1 

Maximum  Detected  Concentration. 


TABLE  3-38 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN 
MARSH  AREA  SURFACE  WATER  BY  CHILD  RESIDENTS  AT  OU1 

FUTURE  LAND-USE  CONDITIONS 

RME  Exposure  Point 
Noncarcinogenic  Chemical  Concentration  (uq/L) 

Average  Dally 
Dose 

(mg/kg-dav) 

Adjusted  RID 
(mgrtcg-day) 

Target  Organ/ 
Critical  Effect 

RME  ADD:RfD 
Ratio 

Inorganics 

iron 

Manganese 
Hazard  Index: 

2,770  • 

91.2  • 

1.07E-04 

3.52E-06 

3E-01 

1.3E-03 

CNS 

4E-04 

3E-03 

3E-03 

Maximum  detected  concentration. 


TABLE  3-39 

SUMMARY  AND  CUMULATIVE  RISKS  ASSOCIATED  WITH  EXPOSURES  AT  OU1 

Carcinogenic  Risks 

Noncarcinogenic  Hazards  I 

Receptor/Pathway 

Cancer  Risk 

Predominant 
Chemicals  (a) 

Hazard  Index 

Predominant  1 

Chemicals  (a)  | 

Child  Resident:  1 

Groundwater  1 

Ingestion 

1x10'® 

None 

>1  (10) 

Iron  1 

Manganese  I 

Dermal  absorption 

2x1  O'* 

bis(2-Ethylhexyl)phthalate 

>1(5) 

PCB-1016  B 

gurface  gQil  1 

Incidental  ingestion 

8x10'® 

Benzo(a)pyrene 

Dibenzo(a,h)anthracene 

<1  (2x10'’) 

None  I 

Dermal  absorption 

9x1  O'® 

Benzo(a)pyr6ne 

Dibenzo(a,h)anthracene 

<1  (2x10'*) 

None 

Sediment  fMarsh  Area)  1 

Incidental  ingestion 

3x10*® 

Beryllium 

<1  (4x10'’) 

None  1 

Dermal  absorption 

4x10'® 

Beryllium 

<1  (3x10'’) 

None  1 

Surface  Water  (Marsh  Area)  I 

Dermal  absorption 

NE 

NE 

<1  (3x10'®) 

None  1 

Cumulative 

Adult  Resident  (b); 

>1  (16) 

Groundwater  1 

ingestion 

3x10'® 

bis(2-Ethylhexyl)phthalate 

>1(5) 

Iron 

Manganese 

Dermal  absorption 

Surface  Soil 

5x1  O'® 

bis(2-Ethylhexyl)phthalate 

>1(3) 

PCB-1016 

Incidental  ingestion 

4x10"® 

Benzo(a)pyrene 

Dibenzo(a,h)anthracene 

<1  (2x10'*) 

None 

Dermal  absorption 

Cumulative 

Worker: 

3x10'® 

4x10'^ 

Benzo{a)anthracene 

Benzo(a)pyrene 

Dibenzo(a,h)anthracene 

<1  (1x10'*) 

>1(8) 

None 

Groundwater  1 

Ingestion 

9x10*^ 

None 

>1  (2) 

Iron 

Subsurface  Soil  U 

Ingestion 

5x10*^ 

None 

<1  (1x10’) 

None 

Dennal  absorption 

1x10'^ 

None 

<1  (8x10*) 

None 

Inhalation 

4x10'" 

None 

NE 

NE 

Cumulative 

2x10-* 

>1(2) 

(a)  Predominant  carcinogenic  chemicals  are  those  accounting  for  greater  than  a  1x10*®  risk,  while  predominant 
noncarcinogenic  chemicals  are  those  accounting  for  greater  than  a  1 .0  hazard  quotient 

(b)  It  should  be  noted  that  hazard  indices  associated  with  surface  water  exposures  are  not  presented  for  adult  residents 
since  all  chemicals  In  the  Open  Water  grouping  were  within  background  levels. 


NE  =  Not  Evaluated,  since  COPCs  in  this  grouping  lacked  the  respective  carcinogenic  or  noncarcinogenic  toxicity 
criteria. 


TABLE  3-41 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN  GROUNDWATER 
BY  HYPOTHETICAL  FUTURE  RESIDENTS  AT  OU1 
FOR  CHEMICALS  WITHIN  BACKGROUND  BUT  ABOVE  RBCS  (a) 


FUTURE  LAND-USE  CONDITIONS 


Carcinogenic  Chemical 


Inorganics 

Arsenic 

Total: 


Noncarcinogenic  Chemical 


inorganics 
Aluminum 
Arsenic 
Barium 
Chromium 
Nickel 
Thallium 
Vanadium 
Hazard  Index: 


RME 

Exposure  Point 
Concentration 
(ug/L) 


RME 
Exposure  Point 
Concentration 


Lifetime  Average  Daily 
Dose 


Adjusted  Slope 
Factor 
(mg/kg-day)' 


Weight-of-Evidence 

Classification 


RME 

Excess  Lifetime 
Cancer  Risk 


Child  Adult 


1.2E-08  3.3E-08 


Average  Daily  Dose 

(mg/kg-day)  Adjusted  RfD 
Child  Adult _ (mg/kg-day) 


Target  Organ/ 
Critical  Effect 


2E-08  5E-08 
2E-08  5E-08 


RME 

ADD:RfD 

Ratio 

"child  Adult 


2.9E-04 
1.4E-07 
8.4E-06 
1.5E-06 
1.9E-06 
1.0E-08 
1. IE-06 


1.6E-04 

7.8E-08 

4.6E-06 

8.3E-07 

1.1E-06 

5.6E-09 

6.2E-07 


Developmental  Effects  3E-04  2E-04 

Skin  5E-04  3E-04 

Incr.  blood  pressure  2E-03  IE-03 

CNS  3E-03  2E-03 

Body  Weight  IE-03  5E-04 

None  observed  IE-04  7E-05 

None  observed 


(a)  Lead  was  not  evaluated  due  to  lack  of  toxicity  criteria. 


TABLE  3-43 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN  SURFACE  SOIL 
BY  HYPOTHETICAL  FUTURE  RESIDENTS  AT  OU1 
FOR  CHEMICALS  WITHIN  BACKGROUND  BUT  ABOVE  RBCs 

FUTURE  LAND-USE  CONDITIONS 


Carcinoqenie  Chemical 


RME 

Exposure  Point 
Concentration 


Lifetime  Average  Daily  Dose  Adjusted 

_ (mg/kg-day) _ Slope  Factor  Weight-of-Evidence 

Adult  (mq/kg-^avV^  Classification 


RME 

Excess  Lifetime 
Cancer  Risk 
Child  Adult 


1  Inorganics 

1  Arsenic 

Beryllium 

Total: 

3.94 

0.753 

1.52E-06 

9.08E-08 

4.74E-06 

2.83E-07 

1.5E+00 

8.6E+02 

A 

B2 

2E-06 

8E-05 

8E-05 

7E-06 

2E-04 

3E-04 

RME 

Exposure  Point 
Concentration 

Average  Daily  Dose 
_ («n9*9-<iay) _ 

Adjusted 

RfD 

Target  Organ/ 

RMEi 

ADD:RfD 

Ratio 

Noncarcinogenic  Chemical 

Child 

Adult 

mSU^USSmm 

Critical  Effect 

Child 

Adult 

Inorganics 

Arsenic 

3.94 

1.77E-05 

1.11E-05 

3E-04 

Skin 

6E-02 

4E-02 

Beryllium 

0.753 

1.06E-06 

6.60E-07 

3E-05 

None  obsenred 

4E-02 

3E-02 

Chromium 

23.8 

3.35E-05 

2.09E-05 

5E-04 

CNS 

7E-02 

4E-02 

Iron 

22.300 

3.14E-02 

1.96E-02 

3E-01 

— 

IE-01 

7E-02 

Manganese 

213 

3.00E-04 

1.87E-04 

1,3E-03 

CNS 

2E-01 

IE-01 

Hazard  Index: 

5E-01 

3E-01 

TABLE  3-45 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN  SUBSURFACE  SOIL 
BY  HYPOTHETICAL  FUTURE  EXCAVATION  WORKERS  AT  OU1 


FOR  CHEMICALS  WITHIN  BACKGROUND  BUT  ABOVE  RBCs 


FUTURE  LAND-USE  CONDITIONS 


Carcinogenic  Chemical 

RME 

Exposure  Point 
Concentration 
(mg/kg) 

Lifetime 
Average  Daily 
Dose 

(mg/kg-day) 

Adjusted  Slope 
Factor 

(mg/kg-dayV' 

Weight-of-Evidence 

Classification 

RME 

Excess  Lifetime 
Cancer  Risk 

Inorganics 

Beryllium 

0.676 

3.31  E-09 

8.6E+02 

B2 

3E-06 

Total: 

3E-06 

RME 

Exposure  Point 

Average  Daily 

Adjusted 

Concentration 

Dose 

Subchronic  RfD 

Target  Organ/ 

RME  ADD:RfD 

Noncarcinogenic  Chemical 

(mg/kg^ay) 

Critical  Effect 

Ratio 

Inorganics 

Beryllium 

0.676 

2.32E-07 

3E-05 

None  observed 

9E-03 

Chromium 

19.0 

6.51  E-06 

2E-03 

CNS 

3E-03  1 

Iron 

17,500 

5.99E-03 

3E-01 

— 

2E-02  1 

Manganese 

277 

9.49E-05 

1.3E-03 

CNS 

7E-02  1 

Hazard  index: 

IE-01  1 

TABLE  3-47 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  INCIDENTAL  INGESTION  OF  CHEMICALS  IN 
OPEN  WATER  AREA  SURFACE  WATER  BY  HYPOTHETICAL  FUTURE  ADULT  RESIDENTS  SWIMMING  AT  OU1 
FOR  CHEMICALS  WITHIN  BACKGROUND  BUT  ABOVE  RBCs 


FUTURE  LAND-USE  CONDITIONS 


Noncarcinogenic  Chemical 

Average  Daily 

RME  Exposure  Point  Dose 

RfD 

Target  Organ/ 

RME  ADDrRfD 

(mg/kg-day) 

Critical  Effect 

Ratio 

inorganics 

Aluminum 

3,780  7.10E-04 

1E+00 

Developmental  Effects 

7E-04 

Iron 

4,850  9.11E-04 

3E-01 

— 

3E-03 

Manganese 

259  4.87E-05 

2.4E-02 

CNS 

2E-03 

Hazard  index: 

6E-03 

TABLE  3-48 

EXPOSURES  AND  RISKS  ASSOCIATED  WITH  DERMAL  ABSORPTION  OF  CHEMICALS  IN 
OPEN  WATER  AREA  SURFACE  WATER  BY  HYPOTHETICAL  FUTURE  ADULT  RESIDENTS  SWIMMING  AT  OU1 
FOR  CHEMICALS  WITHIN  BACKGROUND  BUT  ABOVE  RBCs 

FUTURE  LAND-USE  CONDITIONS 


Noncarcinogenic  Chemical 


RME  Exposure  Point 


Inorganics 

Aluminum 

Iron 

Manganese 
Hazard  Index: 


Average  Daily 
Dose 


1.99E<W 

2.55E-04 

1.36E-05 


Adjusted  RfD 
(mg/kg-day) 


Target  Organ/ 
Critical  Effect 


RMEADD:RfD 

Ratio 


1E+00 

3E-01 

1.3E-03 


Developmental  Effects 


4,9  ECOiOGICALRISKAgSESSWENT  I 

The  purpose  of  the  ERA  is  to  assess  the  potential  for  adverse  effects  to  nonhuman  receptors  re¬ 
sulting  from  exposure  to  chemicals  at  OU1  of  WRF.  The  ERA  was  conducted  in  accordance  with  na¬ 
tional  and  regional  USEPA  guidance  for  evaluating  ecological  risks  at  hazardous  waste  sites  (USEPA, 
1989a, c,  1992a,  and  1994b)  and  in  accordance  with  relevant  Army  guidance  (Wentsel  et  al.  1994).  Con¬ 
sistent  with  this  guidance,  the  approaches  used  in  the  ERA  are  similar  to  those  used  in  the  human  health 
risk  assessment.  The  physical  features  of  the  site  are  first  described  and  individual  organisms,  popula¬ 
tions,  or  communities  likely  to  occur  at  WRF  are  identified.  The  COPCs  are  then  identified  along  with 
the  pathways  by  which  ecological  receptors  could  be  exposed  to  chemicals.  The  potential  toxicity  of  the 
COPCs  to  ecological  receptors  selected  for  evaluation  is  then  characterized.  Finally,  information  on  ex¬ 
posure  and  toxicity  are  combined  to  derive  qualitative  or  quantitative  estimates  of  the  potential  for  ad¬ 
verse  effects  to  ecological  resources  at  WRF  OUI. 

4.1  PROBLEM  FORMULATION 

The  problem  formulation  section  of  the  ERA  evaluates  available  information  about  the  site  his¬ 
tory  and  past  land  use  activities,  the  ecological  resources  and  COPCs  associated  with  the  site,  and  the 
pathways  by  which  ecological  receptors  could  be  exposed  to  these  chemicals.  The  section  concludes 
with  the  identification  of  the  ecological  resources  and  the  endpoints  selected  for  evaluation  in  the  ERA. 

The  problem  formulation  section  is  broken  down  into  the  following  sub-sections.  Section  4.1.1 
provides  a  general  overview  of  WRF  and  includes  a  description  of  the  topography,  past  and  present  land 
use  patterns,  contaminants  known  to  be  associated  with  on-site  activities,  and  the  habitats/ecological 
resources  known  or  likely  to  occur  on  site.  Section  4.1.2  identifies  the  COPCs  selected  for  evaluation 
and  the  data  groupings  selected  for  each  medium.  Section  4.1.3  identifies  the  ecological  receptor  spe¬ 
cies  and  potential  exposure  pathways  selected  for  evaluation.  Finally,  Section  4.1.4  discusses  the  as¬ 
sessment  endpoints  identified  for  evaluation  in  the  ERA,  and  the  methods  and/or  data  used  for  this 
evaluation. 

4.1.1  Site  Description 

4.1. 1.1  General  Site  Description  and  Discussion  of  Past  On-Site  Activities 

WRF  is  approximately  579  acres  in  size  and  is  located  in  Prince  William  County,  Virginia  (Figure 
2-1 ,  WRF  Location  Map).  It  is  bounded  by  Marumsco  Creek  (part  of  Marumsco  National  Wildlife  Ref¬ 
uge)  to  the  west  and  by  Occoquan  and  Belmont  bays  to  the  south  and  east,  respectively.  Although  the 
majority  of  WRF  is  undeveloped,  residential,  commercial,  and  industrial  areas  are  located  directly  north 
of  the  installation  boundary.  A  residential  community  and  golf  course  are  presently  under  construction 
(beginning  in  summer  1995)  along  the  northern  installation  boundary. 

The  topography  of  WRF  is  generally  flat,  with  a  gentle  slope  to  the  south  and  east.  The  topo¬ 
graphic  high,  30  feet  amsi,  occurs  at  the  northern  installation  boundary.  WRF  lies  within  the  western 
portion  of  the  Coastal  Plain  Physiographic  Province,  approximately  8  miles  east  of  the  Fall  Line. 

OUI  is  located  in  the  southwest  portion  of  WRF  and  is  bounded  to  the  east  by  Deephole  Point 
Road,  to  the  west/northwest  by  Lake  Drive,  and  to  the  south/southwest  by  Marumsco  Creek  and  the  Oc¬ 
coquan  Bay.  The  portions  of  Marumsco  Creek  and  Occoquan  Bay  immediately  adjacent  to  the  upland 
portions  of  OUI  have  also  been  included  as  part  of  the  OUI  study  area.  The  topography  of  the  OUI 
area  generally  slopes  towards  these  water  bodies.  Several  water  bodies  are  associated  with  the  OUI 
area.  A  small  ephemeral  pond  (less  than  one  acre  in  size)  is  located  immediately  to  the  southeast  of 
Lake  Drive  across  from  the  large  pond  on  the  northwest  side  of  this  road.  The  ephemeral  pond  receives 
overflow  from  the  large  pond.  A  small  drainage  swale  associated  with  a  marshy  area  originates  Just  to 
the  south  of  the  ephemeral  pond.  The  drainage  swale  is  likely  to  receive  discharge  from  the  ephemeral 
pond  during  storm  events,  though  the  ephemeral  pond  does  not  regularly  discharge  into  the  drainage 
swale.  From  Just  below  the  ephemeral  pond,  the  drainage  swale  travels  roughly  700  feet  to  the  south 
where  it  discharges  to  Marumsco  Creek,  which  in  turn,  discharges  to  the  Occoquan  Bay.  A  major  portion 
of  the  drainage  swale  and  the  OUI  portions  of  Marumsco  Creek  and  the  Occoquan  Bay  are  tidally  influ¬ 
enced  and  are  classified  as  tidal  freshwater. 
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WRF  was  acquired  by  the  U.S.  Army  in  1952.  Prior  to  this  the  site  was  used  primarily  for  agri¬ 
cultural  purposes.  WRF  was  used  as  an  electronics  testing  facility  with  activities  ranging  from  receiving 
and  transmitting  radio  signals  to  testing  the  effects  of  electromagnetic  pulses  on  electronic  equipment. 
These  activities  required  the  construction  and  use  of  large  antenna  arrays  at  locations  throughout  the 
facility.  Disposal  of  equipment  and  materiel  also  occurred  at  WRF.  A  brief  description  of  each  potential 
source  area  occurring  in  the  OU1  Area  of  WRF  is  presented  below.  Section  2.2  should  be  referred  to  for 
a  detailed  description  of  past  on-site  activities  at  WRF. 

OU1  consists  of  AREEs  1  through  5.  6A,  6B,  and  7  located  on  approximately  579  acres  in  the 
southwest  portion  of  WRF.  This  area  is  bounded  on  the  south  by  the  Occoquan  Bay,  and  on  the  west  by 
Marumsco  Creek.  A  brief  description  of  the  individual  AREEs  at  OU1  is  discussed  below: 

•  AREE  1  is  a  0.4-acre  former  dump  site  located  on  the  southwest  portion  of  the  WRF.  It  is 
unknown  what  materials  were  disposed  of  at  AREE  1.  AREE  1  is  a  0.4  acre  former  dump 
site  located  on  the  southern  portion  of  the  facility.  The  landfill  was  used  as  a  dumping  site 
for  construction  debris  including  scap  metal,  concrete,  and  miscellaneous  debris.  Some  ca¬ 
pacitors  may  have  been  burined  there  prior  to  closure  of  the  landfill. 

•  AREEs  2  and  5  are  former  landfills  where  transformers,  capacitors,  and  metal  debris  were 
buried.  These  disposal  areas  are  located  adjacent  to  each  other  and  were  considered  to  be 
one  study  area  for  the  Rl. 

•  AREE  3  is  approximately  100  feet  by  25  feet  and  is  located  Just  east  of  the  pond  on  the  east 
side  of  Lake  Drive.  The  burial  of  debris,  such  as  wood,  lead-coated  wire,  paper,  and  plastic, 
reportedly  began  in  1966  until  AREE  3  was  covered  with  soil  in  1973  (Weston,  1992). 

•  AREE  4  is  a  former  dump  site  where  debris,  such  as  wire,  wood,  concrete,  pipe  insulation, 
and  empty  oil  drums,  were  dumped  from  the  late  1950s  until  1973  when  the  dump  was  cov¬ 
ered  with  dirt  (Weston,  1992). 

•  AREE  6A  is  a  former  dump  area  located  west  of  Deephole  Point  Road  and  south  of  Lake 
Drive.  The  contents  of  AREE  6A  are  unknown,  but  metal  debris  has  been  observed  pro¬ 
truding  from  the  toe  of  the  slope  along  the  southwestern  extent  of  this  AREE. 

•  AREE  6B  is  a  former  dump  site  located  west  of  Deephole  Point  Road  and  immediately  south 
of  AREE  7.  Metal  debris  are  known  to  have  been  disposed  of  at  this  site. 

•  AREE  7  is  a  former  pistol  range  located  at  the  intersection  of  Deephole  Point  Road  and 
Shady  Lane.  The  range  was  used  for  small  arms  firing  on  a  semi-annual  basis  during  the 
1970s. 

Section  2.0  should  be  referred  to  for  a  complete  description  of  each  AREE. 

4.1. 1.2  Description  of  Habitats  and  Wiidiife  on  the  Woodbridge  Research  Faciiity 

Approximately  24  of  the  579  acres  on  WRF  support  improvements  such  as  buildings,  roads,  and 
parking  areas.  The  remaining  556  acres  consist  of  undeveloped  land,  much  of  which  was  used  during 
testing.  Woodland  areas  of  WRF  (excluding  those  considered  wetlands)  are  located  primarily  along  the 
western  installation  boundary  and  comprise  the  majority  of  habitat  in  OU1.  Palustrine  wetlands  occur 
along  the  drainages  and  shoreline  of  Marumsco  Creek  in  the  OU1  area.  A  brief  description  of  these 
habitats  is  given  below.  For  a  more  detailed  description,  please  refer  to  the  Environmental  Impact 
Statement  (EIS)  (COE,  1994). 

Woodlands.  The  woodland  areas  comprising  much  of  OU1  are  dominated  by  northern  red  oak 
{Quercus  rubra),  white  oak  {Quercus  alba),  chestnut  oak  {Quercus  prinus),  Virginia  pine  (Pinus 
virginiana),  and  American  Beech  (Fagus  grandifolia).  Animal  species  expected  to  occur  in  the 
woodland  areas  include  a  variety  of  birds  such  as  American  robin  (Turdus  migratorius),  hairy 
woodpecker  {Picoides  villosus),  downy  woodpecker  {Picoides  pubescens),  redtail  hawk  (Buteo 
jamaicenis),  and  mammals  such  as  whitetail  deer  (Odocoileus  virginianus),  and  gray  squirrel 
{Sciurus  carolinensis). 
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Palustrine  Wetlands  and  Aquatic  Habitats.  Wetlands  border  Marumsco  Creek  and  its  associated 
drainages.  The  wetlands  are  open  adjacent  to  Marumsco  Creek  and  become  increasingly  wooded 
towattls  the  upper  reaches  of  the  drainages.  The  open  wetlands  are  dominated  by  pond  lily 
(Nuphar  variegatum)  and  cattail  species  {Typha  spp.),  and  to  a  lesser  extent,  by  soft  rush  {Juncus 
effusus),  marsh  mallow  {Hibiscus  moscheutos),  swamp  rose  {Rosa  palusthus),  buttonbush 
{Cephalanthus  occidentalism  spatterdock  {Nuphar  luteum),  and  pickerel  weed  {Pontederia  cordata). 
The  most  common  tree  species  occurring  in  the  wooded  wetland  areas  are  black  gum  {Nyssa 
sylvatica),  sweet  gum  {Liquidambar  styraciflua),  red  maple  {Acer  rubrum),  and  persimmon 
{Diospyros  virginiana).  Understory  species  in  these  areas  are  dominated  by  northern  arrowwood 
{Viburnum  recognitum)  and  silky  dogwood  {Comus  amomum).  A  variety  of  terrestrial  animal 
species  are  expected  to  utilize  the  wetland  habitats  including  spotted  salamander,  {Ambystoma 
maculatum),  green  frog  {Rana  clamitans  melanota),  pickerel  frog  {Rana  palustris),  eastern  box 
turtle  {Terrapene  Carolina),  eastern  painted  turtle  {Chrysemys  picta),  northern  water  snake  {Nerodia 
sipedon),  belted  kingfisher  {Ceryle  alcyon),  wood  duck  {Aix  sponsa),  mallard  duck  (Anas 
platyrhynchos),  American  black  duck  (Anas  rubripes),  Canada  goose  {Branta  canadensis),  great 
blue  heron  {Ardea  herodias),  great  egret  {Casmerodius  albus),  little  blue  heron  {Egretta  caerulea), 
black-crowned  night-heron  {Nycticorax  nycticorax),  green  heron  {Butorides  striatus),  raccoon 
{Procyon  lotor),  whitetail  deer,  and  beaver  {Castor  canandensis).  A  heron  rookery  exists  on  Mason 
Neck  Wildlife  Refuge  which  is  across  Belmont  Bay  from  WRF.  Herons  from  the  rookery  are  likely 
to  utilize  WRF  aquatic  habitats. 

The  aquatic  habitats  associated  with  OU1  are  likely  to  support  a  diverse  array  of  aquatic  species. 
Marumsco  Creek  and  the  Occoquan  Bay  adjacent  to  OU1  are  likely  to  support  fish  species  typical 
of  the  low  salinity  reaches  of  the  Chesapeake  Bay  watershed.  Fish  species  known  or  likely  to 
occur  in  these  water  bodies  include  American  shad  {Alosa  sapidissima),  blueback  herring  {Alosa 
aestivalis),  alewife  {Alosa  pseudoharengus),  brown  bullhead  {Ictalurus  nebulosus),  channel  catfish 
{Ictalurus  punctatus),  white  catfish  {Ictalurus  catus),  yellow  perch  {Perea  flavescens),  carp 
{Cyprinus  carpio),  American  eel  {Anguilla  rostrata),  bluegill  {Lepomis  macrochirus),  black  crappie 
{Pomoxis  nigromaculatus),  and  largemouth  bass  {Micropterus  salmoides).  These  water  bodies  are 
also  expected  to  be  spawning  areas  for  fish  species  such  as  white  perch  {Morone  americana)  and 
rockfish  {Morone  saxatilis),  and  a  nursery  area  for  species  such  as  spot  {Leiostomus  xanthurus), 
croaker  {Micropogon  undulatus),  hogchoker  {Trinectes  maculatus),  and  bay  anchovy  {Anchoa 
mitchilli).  These  water  bodies  are  also  likely  to  support  blue  crab  {Callinectes  sapidus)  and  a 
variety  of  amphibian  and  aquatic  invertebrate  species.  The  small  pond  and  upper  reaches  of  the 
drainage  swale  are  expected  to  support  amphibians,  aquatic  invertebrates,  and  small  minnow 
populations. 

A  summary  of  surface  water  and  sediment  characteristics  measured  in  the  water  bodies  associated 
with  OU1  are  presented  in  Table  4-1 . 

Open  Field  Habitats.  Open  field  habitats  comprise  the  majority  of  WRF  outside  of  OU1 .  These 
areas  have  been  kept  mowed  during  the  life  of  the  facility,  though  the  frequency  of  mowing  has 
decreased  since  the  facility  is  no  longer  active.  The  vegetative  community  of  the  open  field  areas 
is  dominated  by  jointgrass  {Manisuris  cyiindrica),  dropseed  grass  {Muhlenbergia  expansa),  bush 
clover  {Lespedeza  capitata),  white-top  sedge  {Dichromena  clorata),  broomsedge  {Andropogon 
virginicus),  and  yellow  foxtail  {Setaria  giauca)  among  others.  In  many  of  the  open  fields, 
sweetgum  saplings  occur  in  abundance.  Several  bird  species  are  expected  to  use  the  open  field 
habitat  for  feeding,  nesting,  or  roosting.  Examples  of  the  bird  species  expected  to  occur  include 
bobwhite  quail  {Coiinus  virginianus),  mourning  dove  {Zenaida  macroura),  eastern  bluebird  {Sialia 
sialis),  redtail  hawk,  and  a  variety  of  finches  and  sparrows.  Bald  eagles  {Haliaeetus 
leucocephalus)  have  been  observed  roosting  and  flying  over  WRF.  Mammals  expected  to  occur 
include  groundhog  {Marmota  monax),  whitetail  deer,  and  red  fox  {Vulpes  vulpes).  Other  animals 
observed  or  expected  to  utilize  the  open  field  habitats  of  WRF  include,  snakes,  turtles,  and  mice. 

Threatened  and  Endangered  Species.  A  threatened  and  endangered  species  search  for  the  WRF 
was  requested  through  both  the  State  of  Virginia,  Department  of  Conservation  and  Recreation  and 
the  USFWS  Chesapeake  Bay  Field  Office.  Results  of  both  searches  indicate  the  presence  of  bald 
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eagle  {Haliaeetus  leucocephalus)  on  WRF  (VDCR  1995,  USFWS  1995).  Bald  eagle  are  currently 
listed  as  federally  threatened.  No  known  bald  eagle  nests  occur  directly  on  WRF  though  a 
communal  bald  eagle  roost  is  present  on  Mason  Neck,  located  to  the  east  of  the  facility.  Eagles 
are  known  to  frequently  travel  between  Mason  Neck  and  the  WRF.  No  other  species  of  special 
concern  were  identified  in  either  of  the  searches. 

4.1.2  Identification  of  Chemicals  of  Potential  Concern 

This  section  of  the  ERA  identifies  COPCs  for  detailed  evaluation.  In  this  section,  the  methodol¬ 
ogy  used  to  select  the  COPCs  is  described  and  the  COPCs  are  identified.  Chemicals  are  selected  for 
evaluation  in  the  ERA  if  they  (1)  are  presumed  to  be  present  because  of  past  activities  at  the  site,  and 
(2)  pose  potential  risks  to  ecological  species.  Chemicals  associated  with  sampling  or  laboratory  artifacts 
were  not  selected  as  COPCs.  Surface  water  runoff  samples,  which  are  also  evaluated  in  the  ERA,  are 
summarized  in  Tables  2-2,  2-3,  2-4,  and  2-55  of  this  FFS  and  are  not  included  in  the  following  section. 

The  following  steps,  which  are  in  accordance  with  USEPA  (1989a)  guidance,  were  first  used  to 
summarize  the  analytical  data  for  this  risk  assessment: 

•  The  samples  were  divided  into  data  groupings  by  environmental  medium  and  exposure  area 
(site).  The  creation  of  these  data  groupings  allows  for  the  characterization  of  environmental 
conditions  relevant  to  exposure  and  helps  to  determine  exposure  concentrations  for  target 
populations.  A  grouping  of  background  data  is  used  to  determine  if  chemicals  detected  at  a 
site  are  present  at  naturally  occurring  levels.  The  sample  data  groupings  used  in  the  ERA, 
including  background  data  groupings,  are  described  by  environmental  medium  in  the  sec¬ 
tions  below. 

•  Sample  data  were  compared  to  blank  (laboratory,  field,  and  trip)  concentration  data.  If  the 
chemical  concentration  detected  in  a  site-related  sample  was  less  than  10  times  (for  com¬ 
mon  laboratory  chemicals)  or  five  times  (for  all  other  compounds)  the  concentration  in  the 
corresponding  blank  sample,  the  sample  was  excluded  from  the  ERA  in  accordance  with 
USEPA  (1989a)  guidance  and  personal  communication  with  Bob  Davis  (pers.  comm.,  Davis, 
1996).  The  identification  and  validation  of  sampling  or  laboratory  artifacts  were  performed 
prior  to  data  summarization. 

•  As  requested  by  USEPA  (1994b)  Region  Hi  guidance,  the  maximum  concentration  of  a  pair 
of  duplicate  or  split  samples  (taken  from  the  same  location  on  the  same  date)  was  used  to 
represent  the  concentration  for  that  location.  This  differs  from  the  HHRA  where  the  average 
of  a  pair  of  duplicate  or  split  samples  is  used  to  represent  the  concentration  at  a  location. 

•  The  mean  concentration  of  a  chemical  within  a  given  medium  and  sample  data  grouping  was 
calculated  by  averaging  the  detected  concentration(s)  with  one-half  the  quantitation  limit  of 
the  nondetect(s).  It  should  be  noted  that  when  one-half  the  quantitation  limit  of  a  sample  ex¬ 
ceeds  the  maximum  detected  concentration  within  a  sample  grouping,  the  arithmetic  mean 
could  exceed  the  maximum  detected  concentration. 

•  Data  that  were  rejected  by  the  laboratory  (R  qualified)  were  not  used  in  the  ERA. 

•  Frequency  of  detection  was  calculated  as  the  number  of  samples  in  which  the  chemical  was 
detected  over  the  total  number  of  samples  collected. 

Once  the  sampling  data  were  grouped  and  summarized,  chemicals  were  selected  for  further 
evaluation. 

•  Essential  nutrients  for  ecological  receptors  (i.e.,  calcium,  magnesium,  potassium,  and  so¬ 
dium)  were  not  considered  as  COPCs. 

•  Chemicals  were  selected  as  COPCs  if  their  maximum  detected  concentrations  in  environ¬ 
mental  media  exceeded  the  screening  level  concentrations  for  ecological  receptors  provided 
by  the  USEPA  Region  III  BTAG  (USEPA,  1995d),  instead  of  RBCs  used  in  the  HHRA.  Re¬ 
gion  III  Biological  Technical  Assistance  Group  (BTAG)  Screening  Levels  are  based  on 
chemical  concentrations  considered  to  be  protective  of  the  most  sensitive  organism  in  a  me- 
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dium.  Screening  Levels  for  some  chemicals  were  available  for  both  flora  and  fauna,  in 
which  case  the  lower  of  the  two  values  was  used  in  the  ERA.  Freshwater  screening  levels 
were  used  to  screen  chemicals  in  surface  water.  Surface  water  values  dependent  on  hard¬ 
ness  and/or  pH  were  not  modified  for  use  in  the  screening  process,  though  the  influence  of 
hardness  and  pH  on  the  toxicity  of  certain  COPCs  was  accounted  for  in  the  ecological  ef¬ 
fects  assessment.  Only  chemicals  with  maximum  concentrations  below  the  STAG  screening 
level  were  eliminated  as  COPCs.  Chemicals  lacking  Region  III  STAG  Screening  Levels 
were  maintained  as  COPCs. 

All  chemicals  not  eliminated  by  the  above  screens  were  identified  as  COPCs  and  evaluated  in 
the  ERA.  However,  some  inorganic  chemicals  occurring  at  concentrations  above  the  Region  III  STAG 
Screening  Levels  may  not  be  reflective  of  site-related  contamination,  but  instead,  may  be  reflective  of 
widespread  contamination  or  naturally  elevated  regional  concentrations.  Accordingly,  the  identification 
of  chemicals  occurring  at  concentrations  above  reference  concentrations  may  be  useful  when  interpret¬ 
ing  the  results  of  the  ERA.  The  following  procedures  were  used  to  identify  chemicals  occurring  at  con¬ 
centrations  above  reference  concentrations: 

•  When  at  least  five  samples  were  available  for  both  the  on-site  and  reference  sample  data 
sets,  a  two-tailed  variance  ratio  test  was  first  performed  to  determine  if  the  variances  of  the 
on-site  and  background  data  were  similar.  If  the  variances  for  a  given  chemical  in  a  given 
medium  were  found  to  be  similar,  then  the  one-tailed  pooled  variance  t-test  was  used  to  test 
for  differences  between  on-site  and  reference  means.  If  on-site  and  reference  variances 
were  found  to  differ  significantly,  a  nonparametric  test  (the  one-tailed  Mann-Whitney  test) 
was  used  to  test  for  similarity  between  on-site  and  reference  medians.  A  detailed  description 
of  the  statistical  tests  is  presented  in  Zar  (1984). 

•  When  less  than  five  samples  were  available  for  both  the  on-site  and  reference  sample  data 
sets,  the  maximum  concentration  of  each  inorganic  detected  at  the  on-site  location  was 
compared  to  the  maximum  concentration  of  that  inorganic  chemical  detected  in  the  back¬ 
ground  data  grouping.  If  the  maximum  concentration  of  the  inorganic  chemical  detected  at 
the  on-site  location  exceeded  the  maximum  reference  concentration  of  that  inorganic  chemi¬ 
cal  or  if  an  inorganic  chemical  was  not  detected  in  relevant  background  data  grouping,  then 
that  chemical  was  considered  to  occur  at  concentrations  above  those  in  the  reference  sam¬ 
ples. 

Inorganic  chemicals  with  maximum  concentrations  which  exceeded  STAG  screening  levels  but 
were  equal  to  or  less  than  reference  concentrations  were  selected  as  COPCs,  but  are  designated  with  a 
"B"  in  subsequent  data  tables.  This  differentiation  is  made  because  a  chemical  at  or  below  a  reference 
concentration  may  not  be  associated  with  site-related  contamination,  but  instead,  is  likely  to  reflect  wide¬ 
spread  contamination  or  naturally  elevated  regional  concentrations. 

The  selection  of  a  chemical  as  a  COPC  does  not  necessarily  indicate  that  it  poses  a  risk  to  eco¬ 
logical  receptors.  Rather,  the  selection  of  a  chemical  indicates  there  is  a  need  to  evaluate  that  chemical 
in  the  ERA  to  determine  if  exposures  to  the  chemical  could  result  in  potential  risks  to  ecological  recep¬ 
tors. 


Exposure  point  concentrations  were  calculated  for  the  maximum  case  concentration  and,  where 
appropriate  for  the  receptor  being  evaluated,  the  average  case  concentration  (see  Section  4.2).  A  sum¬ 
mary  of  the  chemicals  identified  for  further  evaluation  in  the  ERA,  the  data  groupings,  and  the  reference 
sample  locations  are  presented  for  each  medium  in  the  discussion  below. 

Chemical  analytical  data  from  surface  soil  (0-6  inches),  surface  water,  and  sediment  (0-6  inches) 
samples  collected  from  OU1  were  evaluated  in  the  OU1  ERA.  The  results  of  the  chemical  analyses  for 
each  of  these  media  are  summarized  below. 
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4.1. 2.1  Surface  Soil 

Twenty-seven  surface  soil  locations  (RISS-1  through  24,  54  through  56)  were  sampled  at  OU1  in 
November,  1995.  The  surface  soil  samples  used  in  the  ERA  are  shown  in  Figures  2-24  and  2-25.  Sur¬ 
face  soil  samples  were  analyzed  forTCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  TPH\  and  PAHs. 

Data  for  the  on-site  surface  soil  sample  locations  were  compiled  into  a  single  data  grouping  for 
the  initial  analysis  of  data  in  the  ERA  due  to  the  proximity  of  the  surface  soil  samples.  Samples  may  be 
regrouped  in  a  later  part  of  the  assessment  based  on  the  trends  in  chemical  concentration  detected  in 
surface  soil  and/or  the  pathways/receptors  selected  for  evaluation.  Because  many  of  the  surface  soil 
samples  were  collected  from  areas  of  known  historical  dumping  or  other  localized  activities,  they  do  not 
accurately  represent  the  overall  exposure  to  chemicals  that  receptor  populations  or  communities  would 
encounter  while  inhabiting  the  OU1  area,  instead,  sampling  data  from  these  locations  are  likely  to  repre¬ 
sent  high  end  concentrations  to  which  ecological  receptor  species  would  be  exposed. 

Surface  Soil  Reference  Samples.  Data  from  a  total  of  five  surface  soil  samples  (RISSBK-1 
through  5  [Figure  2-20])  were  used  as  the  background  data  for  OU1.  All  reference  samples  were 
collected  from  the  top  six  inches  of  surface  soil  to  be  consistent  with  the  samples  taken  from 
AREE-specific  locations. 

Results  of  the  Surface  Soil  Samples.  The  chemicals  detected  in  the  OU1  surface  soil  samples  are 
presented  in  Table  4-2,  which  includes  a  summary  of  the  frequency  of  detection,  the  arithmetic 
mean  and  range  of  detected  concentrations,  and  the  screening  value  and  reference  comparisons. 
The  following  section  identifies  the  COPCs  in  surface  soil  selected  for  evaluation  in  the  OU1  ERA. 

A  total  of  25  organic  chemicals  were  detected  in  surface  soil.  This  included  two  VOCs,  17  PAHs, 
four  pesticide  compounds,  PCB-1260,  and  bis(2-ethylhexyl)phthalate.  Methylene  chloride, 
chlordane,  DDT,  1,1-dichloro-2,2-bis(p-chlorophenyl)ethane  (DDD),  and  1,1-dichloro-2,2-bis(p- 
chlorophenyOethylene  (DDE)  were  not  identified  as  COPCs  because  the  maximum  detected 
concentrations  were  less  than  the  Region  III  Screening  Level.  All  other  organic  compounds  were 
selected  as  COPCs.  Aluminum,  beryllium,  chromium,  copper,  iron,  lead,  manganese,  mercury, 
nickel,  selenium,  vanadium,  and  zinc  were  detected  at  concentrations  above  Region  III  Screening 
Levels  and  were  identified  as  COPCs.  Of  these  inorganics,  only  mercury  was  detected  at  a 
concentration  significantly  greater  than  the  reference  samples.  Calcium,  magnesium,  potassium, 
and  sodium  were  eliminated  from  further  analysis  because  they  are  essential  nutrients. 

4.1. 2.2  Sediment 

A  total  of  14  locations  (RISD-10  through  21,  and  02SE02  and  02SE04)  were  sampled  as  part  of 
the  OU1  investigation.  One  sediment  sample  was  collected  in  the  ephemeral  pond  immediately  to  the 
southeast  of  Lake  Road,  four  sediment  samples  were  collected  from  the  drainage  ditch  downgradient  of 
the  pond,  and  nine  samples  were  collected  from  Occoquan  Bay  adjacent  to  OU1.  All  but  two  of  the 
samples  were  collected  by  ICF  KE  during  December,  1995  as  part  of  the  investigation.  Two  sediment 
samples  (02SE02  and  02SE04)  from  the  wetland  area  were  collected  in  1993  as  part  of  the  Phase  1  Site 
Investigation  (USAEC,  1995c).  The  sediment  sample  locations  in  OUl  are  shown  in  Figures  2-30  and 
2-31.  Sediment  samples  collected  by  ICF  KE  were  analyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs, 
TAL  metals,  TPH^,  PCTs,  and  PAHs.  The  two  samples  collected  in  1993  were  analyzed  for  Pesti¬ 
cides/PCBs  and  TPH. 

Sediment  samples  were  collected  in  the  ephemeral  pond  of  OUl ,  in  the  wetland  area  downgra¬ 
dient  of  the  pond,  and  in  the  open  water  area  adjacent  to  OUl ,  which  encompasses  a  portion  of  Marum- 
sco  Creek  downgradient  of  the  wetland  area  and  a  portion  of  the  Occoquan  Bay  bordering  OUl .  Sedi¬ 
ment  samples  from  each  of  these  three  areas  were  grouped  separately  for  analysis  because  they  are 
likely  to  support  different  ecological  resources  and  contain  differing  levels  of  contamination. 


^TPH  was  analyzed  in  soil  samples  but  was  not  evaluated  in  the  ERA. 

^TPH  was  analyzed  in  some  sediment  samples  but  was  not  evaluated  in  the  ERA. 
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Sediment  Reference  Samples.  Data  from  a  total  of  five  sediment  samples  (RISDBK-1  through  5) 
collected  from  surface  water  bodies  on  the  Mason  Neck  Wildlife  refuge  in  December,  1995  were 
used  as  the  background  data  for  OU1  (see  Figure  2-21).  All  reference  sediment  samples  were 
collected  from  the  top  six  inches  of  sediment  to  be  consistent  with  the  samples  taken  from  site- 
specific  locations. 

Results  of  the  Sediment  Sampling  at  OU1.  The  chemicals  detected  in  the  OU1  sediment  samples 
are  presented  in  Table  4-3,  which  includes  a  summary  of  the  frequency  of  detection,  the  arithmetic 
mean  and  range  of  detected  concentrations,  and  the  Screening  Level  and  reference  comparisons. 
The  following  sections  identify  the  COPCs  selected  for  evaluation  in  the  ERA  for  each  sediment 
group. 

•  Pond:  A  total  of  five  PAHs  were  detected  in  the  single  sediment  sample  taken  from  the 
ephemeral  pond.  However,  none  of  the  PAHs  were  identified  as  COPCs  based  on  com¬ 
parison  to  the  Region  III  BTAG  Screening  Levels.  No  other  organic  chemicals  were  de¬ 
tected  in  the  ephemeral  pond  sediment.  The  inorganic  COPCs  were  aluminum,  barium, 
beryllium,  chromium,  cobalt,  iron,  and  vanadium.  None  of  the  inorganics  selected  as 
COPCs  were  detected  at  concentrations  determined  (using  the  procedure  outlined  in 
Section  4.1.2)  to  be  at  concentrations  greater  than  in  the  corresponding  reference  sam¬ 
ples.  Magnesium,  potassium,  and  sodium  were  eliminated  from  further  analysis  because 
they  are  essential  nutrients. 

•  Wetland:  A  total  of  13  organic  chemicals  were  detected  in  the  two  sediment  samples 
taken  from  the  wetland  area,  consisting  of  12  PAHs  and  PCB-1260.  The  organic  chemi¬ 
cals  identified  as  COPCs  were  acenaphthene,  anthracene,  indeno(1 ,2,3-c,d)pyrene, 
1-methylnapthalene,  napthalene,  and  PCB-1260.  The  inorganic  chemicals  identified  as 
COPCs  were  aluminum,  beryllium,  chromium,  cobalt,  iron,  manganese,  and  vanadium. 
However,  with  the  exception  of  beryllium  and  vanadium,  none  of  the  inorganics  selected 
as  COPCs  were  detected  at  concentrations  determined  (using  the  procedure  outlined  in 
Section  4.1.2)  to  be  at  concentrations  greater  than  in  the  corresponding  reference  sam¬ 
ples.  Calcium,  magnesium,  potassium,  and  sodium  were  eliminated  from  further  analy¬ 
sis  because  they  are  essential  nutrients. 

•  Open  Water:  A  total  of  19  organic  chemicals  were  detected  in  the  nine  sediment  sam¬ 
ples  taken  from  the  open  water  area,  consisting  of  15  PAHs,  the  pesticide  DDT  and  its 
metabolites  DDD  and  DDE,  and  PCB-1260.  The  organic  chemicals  identified  as  COPCs 
were  acenaphthene,  anthracene,  fiuorene,  2-methylnapthalene,  DDT,  DDD,  DDE,  and 
PCB-1260.  The  inorganic  chemicals  identified  as  COPCs  were  aluminum,  beryllium, 
chromium,  cobalt,  copper,  iron,  manganese,  nickel,  silver,  vanadium,  and  zinc.  How¬ 
ever,  with  the  exception  of  silver,  none  of  the  inorganics  selected  as  COPCs  were  de¬ 
tected  at  concentrations  determined  (using  the  procedure  outlined  in  Section  4.1 .2)  to  be 
at  concentrations  greater  than  in  the  corresponding  reference  samples.  Calcium,  mag¬ 
nesium,  potassium,  and  sodium  were  eliminated  from  further  analysis  because  they  are 
essential  nutrients. 

4.1. 2.3  Surface  Water 

Surface  water  on-site  samples  (RISW-10  through  21)  and  reference  samples  (RISWBK-1 
through  5)  were  collected  from  the  same  locations  and  at  the  same  time  the  sediment  samples  were 
collected  for  the  Rl.  Accordingly,  the  same  basic  data  groupings  that  were  used  for  the  sediment  sam¬ 
ples  were  also  used  for  surface  water  for  the  evaluation  of  the  data.  Surface  water  samples  were  ana¬ 
lyzed  for  TCL  VOCs,  SVOCs,  pesticides/PCBs,  TAL  metals,  TPH^,  PCTs,  and  PAHs.  The  results  of  the 
chemical  analyses  are  summarized  below  for  each  of  the  three  water  body  groupings  identified  for 
evaluation.  Chemicals  detected  in  the  surface  water  samples  on  OUI  are  summarized  in  Table  4-4, 
which  includes  a  summary  of  the  frequency  of  detection,  the  arithmetic  mean  and  range  of  detected  con- 


^PH  was  analyzed  in  some  surface  water  samples  but  was  not  evaluated  in  the  ERA. 
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centrations,  and  the  Screening  Level  and  reference  comparisons.  The  following  sections  identify  the 
chemicals  detected  and  the  COPCs  selected  for  evaluation  in  the  ERA  for  each  surface  water  group. 

Pond.  No  organic  chemicals  were  detected  in  the  ephemeral  pond  surface  water.  The  inorganic 
COPCs  were  aluminum  and  iron.  However,  neither  of  these  COPCs  were  detected  at 
concentrations  determined  (using  the  procedure  outlined  in  Section  4.1.2)  to  be  at  concentrations 
greater  than  in  the  corresponding  reference  samples.  Calcium,  magnesium,  potassium,  and 
sodium  were  eliminated  from  further  analysis  because  they  are  essential  nutrients. 

Wetland.  No  organic  chemicals  were  detected  in  the  wetland  surface  water.  The  inorganic 
chemicals  identified  as  COPCs  were  aluminum  and  iron.  Calcium,  magnesium,  potassium,  and 
sodium  were  eliminated  from  further  analysis  because  they  are  essential  nutrients. 

Open  Water.  No  organic  chemicals  were  detected  in  the  open  water  surface  water.  The  inorganic 
chemicals  identified  as  COPCs  were  aluminum,  chromium,  copper,  iron,  lead  and  zinc.  However, 
with  the  exception  of  copper  and  zinc,  none  of  these  COPCs  were  detected  at  concentrations 
determined  (using  the  procedure  outlined  in  Section  4.1.2)  to  be  at  concentrations  greater  than  in 
the  corresponding  reference  samples.  Calcium,  magnesium,  potassium,  and  sodium  were 
eliminated  from  further  analysis  because  they  are  essential  nutrients. 

4.1.3  Identification  of  Exposure  Pathways  and  Receptors  for  Analysis 

In  this  section  of  the  ERA,  the  potential  pathways  by  which  ecological  resources  may  be  exposed 
to  the  COPCs  at  WRF  are  discussed.  Exposure  pathways  were  identified  based  on  the  consideration  of 
(1)  the  source/mechanism  of  chemical  release;  (2)  the  medium  (or  media)  of  chemical  transport:  (3)  the 
point  of  potential  contact  by  the  receptor  organism;  and  (4)  the  route  of  exposure  at  the  contact  point. 
Potentially  complete  exposure  pathways  and  potential  receptor  groups  were  identified  for  evaluation  in 
the  ERA  based  on  consideration  of  the  available  habitat,  and  the  type,  extent,  magnitude,  and  location  of 
potential  chemical  contamination. 

As  previously  discussed  (Section  4.1. 1.2),  a  variety  of  terrestrial  and  aquatic  species  are  associ¬ 
ated  with  OU1.  Figure  4-1  provides  a  conceptual  model  identifying  potential  contaminant  sources  and 
the  routes  by  which  these  chemicals  could  be  transported  to  potential  receptors  at  OU1.  Table  4-5  iden¬ 
tifies  the  potential  exposure  pathways  by  which  potential  ecological  receptors  could  be  exposed  to 
COPCs  at  OU1  and,  in  general  terms,  the  pathways  selected  for  evaluation  in  the  ERA.  A  brief  rationale 
for  the  selection/exclusion  of  each  potentially  complete  exposure  pathway  is  also  summarized  in  this  ta¬ 
ble.  The  following  sections  provide  a  more  detailed  discussion  and  evaluation  of  the  pathways  by  which 
potential  receptors  could  be  exposed  to  COPCs  in  surface  water,  sediment,  and  soil  and  discusses  the 
exposure  pathways  selected  for  evaluation. 

4. 1.3. 1  Aquatic  and  Terrestrial  Plants 

Aquatic  and  terrestrial  plants  are  important  components  in  any  ecosystem  because  they  provide 
food  and  cover  for  many  wildlife  species.  WRF  supports  a  variety  of  different  plant  species  characteris¬ 
tic  of  both  upland  and  wetland  areas. 

Terrestrial  plants  at  OU1  may  be  exposed  to  COPCs  in  soil  as  a  result  of  direct  contact  and  sub¬ 
sequent  uptake  via  roots  or  direct  foliar  uptake.  Aquatic  plants  in  the  wetland  area  of  OU1  and  adjacent 
to  the  small  pond  may  also  be  exposed  to  chemicals  in  sediment  and/or  mobilized  in  surface  water. 
However,  very  little  information  is  available  to  evaluate  exposures  via  foliar  uptake  or  via  contact  with 
surface  water.  Accordingly,  only  potential  risks  from  direct  contact  with  chemicals  in  surface  soil  via  root 
uptake  were  evaluated  in  the  ERA. 

Potential  risks  to  terrestrial  plants  were  evaluated  in  the  Risk  Characterization  Section  (Section 
4.4)  by  comparing  the  chemical  concentrations  measured  in  surface  soil  with  available  toxicity  data  from 
the  scientific  literature.  Because  of  limitations  in  the  available  toxicity  data,  no  specific  plant  species 
were  selected  for  evaluation.  Instead,  the  assessment  evaluated  the  potential  for  adverse  effects  to  her¬ 
baceous  plant  communities. 
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4.1. 3.2  Soil  Invertebrates 

Soil  invertebrates  may  be  exposed  to  chemicals  in  surface  soil  via  dermal  absorption  and  the  in¬ 
gestion  of  contaminated  soils.  Accordingly,  the  potential  for  the  COPCs  to  adversely  affect  soil  inverte¬ 
brates  was  evaluated.  Earthworms  were  selected  as  the  receptor  species  for  evaluating  the  potential  for 
adverse  effects  to  soil  invertebrates  because  they  have  direct  contact  with  soil  and  are  sensitive  to 
chemicals  in  soil,  relative  to  other  soil  invertebrates.  Furthermore,  earthworms  serve  an  important  eco¬ 
logical  role  in  the  aeration  of  soils  and  cycling  of  nutrients  and  act  as  an  important  food  source  for  car¬ 
nivorous  species  (e.g.,  shrews).  Lastly,  toxicity  data  for  earthworms  are  available  in  the  scientific  litera¬ 
ture. 

Potential  risks  to  earthworms  were  evaluated  in  the  Risk  Characterization  Section  (Section  4.4) 
by  comparing  the  chemical  concentrations  measured  in  surface  soil  with  available  toxicity  values  from 
the  scientific  literature. 

4.1. 3.3  Terrestrial  Wildlife 

Terrestrial  wildlife  occurring  at  WRF  may  be  exposed  to  COPCs  by  several  pathways,  including 
the  ingestion  of  contaminated  sediment,  soil,  surface  water,  or  food  while  foraging  or  grooming  and  the 
dermal  absorption  of  chemicals  from  soil,  sediment,  or  surface  water. 

Among  these  potential  exposure  pathways,  the  greatest  potential  for  exposure  to  chemicals  is 
likely  to  result  from  the  ingestion  of  chemicals  that  have  accumulated  in  food.  This  conclusion  is  based 
on  both  the  potential  for  some  chemicals  to  accumulate  to  higher  concentrations  in  food  than  in  the  abi¬ 
otic  media  from  which  they  originate  and  on  the  relatively  high  ingestion  rate  of  food  as  compared  to  the 
ingestion  rate  of  most  abiotic  media.  For  example,  small  mammals  or  birds  could  be  exposed  to  chemi¬ 
cals  that  have  accumulated  in  the  aquatic  food  web  from  the  ingestion  of  fish  or  aquatic  invertebrates  or 
to  chemicals  in  soil  from  the  ingestion  of  soil  invertebrates.  Accordingly,  the  potential  for  the  exposure  of 
terrestrial  wildlife  to  chemicals  in  food  was  considered  for  evaluation. 

The  following  sections  review  the  COPCs  in  the  surface  soil,  sediment,  and  surface  water  and 
identify  those  having  the  potential  to  accumulate  in  the  terrestrial  and/or  aquatic  food  webs.  However, 
the  potential  for  adverse  effects  to  ecological  receptors  from  accumulation  in  the  food  web  may  not  be 
fully  addressed  by  the  OU1  data  for  the  following  reasons: 

•  The  distribution  of  many  chemicals  having  the  potential  to  bioaccumulate  is  unlikely  to  be 
limited  to  the  OU1  area. 

•  OU1  represents  only  an  isolated  portion  of  a  drainage  basin  likely  to  be  affected  by  chemical 
contamination. 

•  Many  species  potentially  affected  by  bioaccumulative  compounds  are  likely  to  forage 
throughout  WRF  and  evaluation  of  only  OU1  would  not  accurately  represent  the  potential  for 
exposure  to  bioaccumulative  chemicals. 

Accordingly,  the  evaluation  of  these  chemicals  will  be  deferred  until  the  site-wide  ERA.  All 
chemicals  likely  to  accumulate  in  the  food  webs  will  be  evaluated  as  part  of  the  site-wide  ERA,which  will 
provide  a  more  accurate  representation  of  the  potential  for  exposure  and  accumulation  of  these  chemi¬ 
cals  in  the  terrestrial  and  aquatic  food  webs.  The  following  sections  identify  the  COPCs  detected  in  OU1 
which  have  the  potential  to  bioaccumulate. 

Accumulation  of  Chemicals  From  Surface  Soil.  The  chemicals  identified  as  COPCs  in  surface  soil 
were  quantitatively  and  qualitatively  evaluated  to  determine  which  chemicals  are  most  likely  to 
accumulate  in  the  terrestrial  food  web.  The  octonal/water  partition  coefficients^  (expressed  as  Log 
Kow)  for  all  organics  selected  as  COPCs  were  first  reviewed.  A  log  Kow  of  greater  than  3.5  was 
considered  for  further  evaluation  based  on  Garten  and  Trabalka  (1983),  which  indicates  such 
chemicals  have  the  potential  to  bioaccumulate. 


^he  octanol/water  partition  coefficient  of  an  organic  chemical  characterizes  the  propensity  of  a  chemical  to  partition  Into  the  llpid  fraction 
of  an  organism,  and  thus,  the  potential  for  a  chemical  to  bioaccumulate  in  an  organism. 
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There  are  no  values  similar  to  a  log  Kow  for  inorganics  with  which  to  evaluate  terrestrial 
bioaccumulation  potential.  However,  bioconcentration  factors  (BCFs)  for  certain  terrestrial  species 
are  available  that  can  be  used  as  an  indicator  of  the  potential  for  chemicals  to  bioaccumulate  from 
surface  soil  to  terrestrial  receptors.  Earthworms  were  selected  as  an  indicator  of  accumulation 
from  surface  soil  into  fauna  because  they  have  direct  dermal  contact  with  and  ingest  large 
amounts  of  soil,  there  is  an  extensive  database  of  the  accumulation  potential  of  chemicals  from 
surface  soil  into  earthworms,  and  earthworms  are  an  important  food  source  for  a  number  of 
terrestrial  species  and  represent  a  potential  exposure  pathway  in  the  terrestrial  food  web.  As  a 
result,  the  inorganic  COPCs  BCFs  for  earthworms  were  reviewed  as  an  indicator  of  the  potential 
for  chemicals  to  accumulate  from  soil  into  the  terrestrial  food  web.  Inorganics  with  BCFs  greater 
than  1  were  identified  for  analysis  in  the  terrestrial  food  web. 

The  potential  also  exists  for  bioconcentration  and  subsequent  accumulation  of  chemicals  in 
terrestrial  plants.  However,  plant  uptake  factors  were  not  incorporated  into  the  screening 
procedure  because  information  in  Baes  et  al.  (1984)  indicates  the  bioconcentration  of  inorganics 
from  surface  soil  is  less  in  plants  than  earthworms. 

Following  the  initial  screening  procedures  described  above,  several  additional  factors  were 
considered  to  further  identify  chemicals  having  the  potential  to  accumulate.  Available  information 
in  the  scientific  literature  was  first  used  to  identify  through  which  pathways  (if  any)  these  chemicals 
are  likely  to  accumulate.  This  is  because  some  chemicals  may  not  accumulate  under  conditions 
specific  to  the  receptors  and/or  conditions  being  evaluated.  For  example,  some  chemicals  are 
readily  metabolized  by  the  organism  of  concern  and,  therefore,  do  not  accumulate.  The  frequency 
of  detection  was  also  considered  when  Identifying  the  potential  for  chemicals  to  accumulate  in  the 
food  web,  based  on  the  observation  that  a  low  frequency  of  occurrence  will  minimize  the  potential 
for  exposure  and  the  subsequent  potential  for  a  chemical  to  accumulate  in  the  food  web. 

PAHs,  bis(2-ethylhexyl)phthalate,  and  PCB-1260  each  have  a  log  Kow  above  3.5  and  there  is  the 
potential  for  these  organic  chemicals  to  bioaccumulate  based  on  the  Kow  screening  procedure 
outlined  above.  However,  information  from  the  scientific  literature  indicates  that  PAHs  are 
metabolized  by  terrestrial  species  and  do  not  accumulate  In  the  terrestrial  food  web  (Eisler,  1987a). 
Bis(2-ethylhexyl)phthalate  also  has  a  Log  Kow  above  3.5.  Information  from  the  scientific  literature 
also  indicates  that  phthalates  do  not  readily  accumulate  in  the  terrestrial  food  web  because  they 
are  metabolized  by  organisms  (ATSDR,  1993a, b)  and  this  chemical  also  was  not  selected  for 
evaluation  as  a  bioaccumulative  compound. 

PCB-1260,  detected  in  four  of  27  surface  soil  samples  In  the  OU1  Area,  has  the  potential  to 
bioaccumulate  in  the  terrestrial  food  web.  Accordingly,  this  chemical  will  be  evaluated  in  the 
facility-wide  ERA.  It  should  be  noted,  PCB-1260  was  also  detected  in  the  Main  Ditch  area  of  OU3, 
and  thus,  the  potential  exposure  of  most  higher  trophic-level  species  following  accumulation  in  the 
food  web  would  not  be  limited  to  OU1 . 

Earthworm  BCF  data  were  reviewed  to  determine  which  inorganic  COPCs  had  the  greatest 
potential  to  bioconcentrate  from  soil  to  earthworms.  BCF  data  suggest  the  COPCs  mercury  and 
zinc  are  the  metals  with  the  greatest  potential  to  accumulate  in  earthworms  (Laird  and  Kroger, 
1981,  Eisler,  1987b,  Beyer  1990,  and  Beyer  and  Stafford,  1993)  because  they  have  BCFs  greater 
than  one.  However,  mercury  was  detected  in  only  one  of  27  sample  locations,  suggesting  a  very 
limited  potential  for  accumulation  of  this  chemical  in  the  terrestrial  food  web.  Meanwhile,  ATSDR 
(1992)  indicates  that  zinc  does  not  readily  accumulate  in  terrestrial  food  webs  and  the  potential  for 
this  chemical  to  accumulate  in  the  terrestrial  food  web  was  not  selected  for  evaluation  in  the 
facility-wide  ERA. 

Accumulation  of  Chemicals  From  Sediment  and  Surface  Water.  Organic  and  inorganic  chemicals 
selected  as  COPCs  in  sediment  and/or  surface  water  were  reviewed  for  their  potential  to 
accumulate  in  aquatic  and/or  terrestriai  food  webs.  In  the  case  of  organics,  a  log  Kw  greater  than 
3.5  was  initially  considered  for  further  evaluation  based  on  Garten  and  Trabalka  (1983),  which 
indicates  such  chemicals  have  the  potential  to  bioaccumulate.  Inorganic  chemicals  reported  in  the 
scientific  literature  to  have  a  BCF  of  greater  than  300  for  aquatic  fauna  were  also  Initially  selected 
for  evaluation.  Aquatic  plants,  though  potentially  a  route  of  exposure  for  herbivorous  species  (e.g.. 
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dabbling  ducks),  are  unlikely  to  represent  an  important  route  of  exposure  given  the  more  limited 
potential  of  chemicals  to  accumulate  in  plant  material.  Accordingly,  aquatic  plants  were  not 
incorporated  into  the  screening  procedure.  Based  on  the  results  of  this  screen,  chemicals 
identified  as  having  the  greatest  potential  to  accumulate  are  identified  below  for  sediment  and 
surface  water. 

•  Sediment:  All  of  the  PAH  COPCs  detected  in  the  wetland  area  sediment  and  the  open  water 
area  sediment  each  have  a  log  Kow  above  3.5.  However,  information  from  the  scientific  lit¬ 
erature  indicates  that  PAHs  do  not  readily  accumulate  in  the  terrestrial  food  web  because 
they  are  metabolized  into  nontoxic  byproducts  and  eliminated  by  higher  trophic  level  species 
(e.g.,  birds  and  mammals)(Eisler,  1987a).  There  is,  however,  the  potential  for  predators  that 
consume  lower  trophic-level  species  to  be  exposed  to  these  chemicals  because  of  the  inabil¬ 
ity  of  some  lower-level  organisms,  particularly  bivalves,  to  metabolize  these  compounds 
(Eisler,  1987a).  For  example,  some  carnivorous  avian  species  could  be  exposed  to  PAHs 
from  the  ingestion  of  these  benthic  invertebrates.  Accordingly,  PAHs  will  be  evaluated  as 
part  of  the  facility-wide  assessment. 

PCB-1260,  detected  in  both  the  wetland  area  and  in  one  of  nine  samples  in  the  open  water 
area,  has  the  potential  to  bioaccumulate  in  the  terrestrial  food  web.  Accordingly,  this 
chemical  will  be  evaluated  in  the  facility-wide  ERA.  It  should  be  noted,  PCB-1260  was  also 
detected  in  the  Main  Ditch  area  of  OU3,  and  thus,  the  potential  exposure  of  most  higher 
trophic-level  species  following  accumulation  in  the  food  web  would  not  be  limited  to  OU1. 

Zinc,  which  was  identified  as  a  COPC  in  the  open  water  area  sediment,  has  a  BCF  greater 
than  300  for  some  aquatic  species  and  was  the  only  inorganic  COPC  which  could  have  the 
potential  to  accumulate  in  aquatic  life.  However,  zinc  was  detected  at  a  maximum 
concentration  which  is  not  elevated  above  background,  and  it  is  reasonable  to  conclude  this 
analyte  is  occurring  at  local  concentrations  and  would  not  represent  a  bioaccumulation  risk  in 
the  aquatic  environment.  Accordingly,  no  inorganic  chemicals  detected  in  sediment  were 
identified  as  having  the  potential  to  accumulate. 

•  Surface  Water:  No  organic  chemicals  were  detected  in  the  surface  water  of  the  pond,  wet¬ 
land  area,  or  open  water  area.  Of  the  inorganic  COPCs,  zinc  has  a  BCF  greater  than  300  for 
some  aquatic  species  and  could  have  the  potential  to  accumulate  in  aquatic  life.  However, 
zinc  was  detected  at  concentrations  less  than  chronic  federal  AWQC,  and  it  is  reasonable  to 
conclude  this  compound  would  not  accumulate  in  the  aquatic  environment  at  the  detected 
concentrations.  Accordingly,  no  organic  or  inorganic  chemicals  in  surface  water  were  identi¬ 
fied  as  having  the  potential  to  accumulate  in  the  aquatic  environment. 

•  Direct  Exposure  to  Chemicals  in  Abiotic  Media:  In  addition  to  the  ingestion  of  chemicals 
from  food  items,  terrestrial  wildlife  could  be  exposed  to  chemicals  from  the  ingestion  of  sur¬ 
face  water,  surface  soil,  and/or  sediment  while  foraging  and  grooming.  Several  COPCs 
were  detected  in  these  media  so  the  exposure  pathways  are  potentially  complete.  However, 
the  foraging  range  of  many  wildlife  species  is  larger  than  OU1  and  many  of  the  COPCs  de¬ 
tected  in  OU1  are  also  likely  to  occur  at  other  locations  on  WRF.  Further,  many  of  the 
chemicals  identified  as  COPCs  in  the  abiotic  media  could  have  the  potential  to  bioaccumu¬ 
late,  which  is  likely  to  represent  a  much  greater  source  of  potential  exposure  than  through 
the  ingestion  of  most  abiotic  media.  For  these  reasons,  the  potential  for  adverse  effects  to 
terrestrial  wildlife  from  the  ingestion  of  abiotic  media  will  be  deferred  until  the  facility-wide 
assessment. 

in  addition  to  the  pathways  discussed  above,  terrestrial  wildlife  may  be  exposed  to  chemicals 
via  the  inhalation  of  chemicals  in  air  and/or  via  the  dermal  absorption  of  chemicals  in  surface 
soil/sediment.  The  quantification  of  receptor-specific  exposures  via  these  pathways  was  not 
selected  for  evaluation  because  of  a  lack  of  appropriate  exposure  data.  However,  exposures 
via  these  pathways  are  expected  to  be  insignificant  in  comparison  to  food  and  surface  soil 
ingestion. 
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4.1. 3. 4  Aquatic  Life 

Aquatic  life  could  potentially  be  exposed  to  chemicals  in  OU1  by  direct  contact  with  contami¬ 
nated  water  and  sediment,  respiration  of  chemicals  in  water,  and  ingestion  of  contaminated  sediments 
and  food.  Aquatic  life  also  could  be  exposed  to  chemicals  via  the  ingestion  of  chemicals  that  have  ac¬ 
cumulated  in  the  food  web.  As  discussed  earlier,  the  potential  for  adverse  effects  to  terrestrial  life  from 
the  ingestion  of  chemicals  in  aquatic  life  will  be  evaluated  in  the  facility-wide  ERA  and  was  not  consid¬ 
ered  further  in  this  assessment.  Potential  risks  to  aquatic  life  were  evaluated  in  the  Risk  Characteriza¬ 
tion  section  (Section  4.4)  of  the  ERA  by  comparing  concentrations  of  the  COPCs  identified  in  surface 
water,  surficial  runoff,  and  sediment  to  applicable  toxicity  values  derived  in  the  Ecological  Effects  As- 
sessrnent  section  (Section  4.3).  Because  the  toxicity  data  being  used  in  the  ecological  risk  assessment 
were  designed  to  evaluate  the  potential  for  adverse  effects  to  aquatic  communities,  no  specific  aquatic 
species  were  selected  for  evaluation  and  the  assessment  evaluated  the  potential  for  adverse  effects  to 
the  overall  aquatic  community. 

4.1.4  Identification  of  Assessment  and  Measurement  Endpoints 

The  potential  for  adverse  effects  to  ecological  resources  is  dependent  on  the  ecological  receptor 
species  and  chemicals  present  on  the  site,  and  the  pathways  by  which  the  ecological  resources  could  be 
exposed  to  the  COPCs.  Section  4.1.1  preliminarily  identified  ecological  resources  occurring  on  the  site 
that  could  be  adversely  affected  by  the  presence  of  chemicals.  Section  4.1.2  preliminarily  identified  the 
COPCs  present  in  each  of  the  on-site  media.  Finally,  Section  4.1.3  preliminarily  identified  the  potential 
exposure  pathways  by  which  ecological  receptors  could  be  exposed  to  COPCs,  based  on  information 
about  the  presence  of  ecological  resources  on  site  and  on  information  about  the  presence  of  COPCs  in 
each  sampled  environmental  media.  This  section  of  the  report  summarizes  the  specific  ecological  pa¬ 
rameters  for  each  of  the  evaluated  receptors  by  identifying  the  assessment  endpoint,  the  hypothesis  be¬ 
ing  tested  in  the  investigation,  and  measurement  endpoints  selected  for  the  evaluation  of  the  assessment 
endpoints. 

Assessment  endpoints  are  defined  as  the  ecological  effects  in  the  receptor  species  selected  for 
evaluation.  The  evaluation  of  the  potential  for  ecological  effects  to  occur  is  one  factor  in  the  decision 
making  process  regarding  the  need  for  further  investigation  and/or  remediation  (Suter,  1993).  For  ex¬ 
ample,  the  reproductive  capability  of  the  receptor  species  and/or  population  may  be  an  assessment  end¬ 
point  selected  for  evaluation.  Measurement  endpoints  are  the  outcomes  of  the  methods  or  means  by 
which  the  assessment  endpoints  are  approximated  or  represented  (Suter,  1993).  Measurement  end¬ 
points  are  generally  surrogates  for  assessment  endpoints  and  are  necessary  because,  in  most  cases, 
assessment  endpoints  cannot  be  directly  measured  or  observed.  Typically,  the  measurement  endpoints 
are  the  result  of  or  outcome  of  the  field  and/or  laboratory  methods  used  to  evaluate  the  assessment  end¬ 
points.  For  example,  the  measurement  endpoint  for  the  evaluation  of  the  potential  for  adverse  effects  to 
receptor  organisms,  populations,  and/or  communities  may  be  the  concentration  of  a  chemical  measured 
in  an  abiotic  media  to  which  the  receptor  species  could  be  exposed  compared  to  an  applicable  toxicity 
value  and/or  may  be  the  result  of  a  fish  population  survey  from  the  area  of  concern. 

The  assessment  and  measurement  endpoints  selected  for  evaluation  in  the  OU1  ERA  are  sum¬ 
marized  in  Table  4-6.  In  addition.  Table  4-6  states  formal  testable  hypotheses  for  each  of  the  assess¬ 
ment  endpoints  selected  for  evaluation. 

4.2  EXPOSURE  ASSESSMENT 

The  purpose  of  the  exposure  assessment  is  to  identify  the  concentration  and/or  dose  of  the 
COPC  to  which  ecological  resources  selected  for  evaluation  could  be  exposed.  The  following  sections 
discuss  the  evaluation  of  exposure  and  identify  the  exposure  concentrations  selected  for  the  evaluation 
of  potential  adverse  effects  to  each  of  the  ecological  receptor  groups/organisms  selected  for  evaluation. 

4.2.1  Terrestrial  Life 

4.2.1. 1  Terrestrial  Piants 

Inorganic  chemical  concentrations  measured  in  surface  soil  collected  from  potential  source  areas 
throughout  the  OU1  Area  were  used  to  evaluate  the  potential  for  adverse  effects  to  terrestrial  plants. 
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Maximum  chemical  concentrations  measured  in  surface  soil  samples  are  given  in  Table  4-2.  The  maxi¬ 
mum  concentration  was  used  to  screen  the  potential  for  chemicals  to  adversely  affect  terrestrial  plants 
because,  based  on  the  immobility  of  plants,  exceedance  of  a  toxicity  value  at  a  sample  location  indicates 
the  potential  for  adverse  effects  at  that  location.  If  the  maximum  concentration  exceeds  the  toxicity 
value,  the  overall  proportion  of  sample  locations  where  the  toxicity  value  is  exceeded  is  then  considered 
to  evaluate  the  potential  for  adverse  effects  at  the  community  level. 

4.2.1. 2  Soil  Invertebrates 

Inorganic  chemical  concentrations  measured  in  surface  soil  collected  from  potential  source  areas 
throughout  the  OU1  Area  were  used  to  assess  the  potential  for  adverse  effects  to  terrestrial  inverte¬ 
brates.  Maximum  detected  concentrations  in  surface  soil  are  given  in  Table  4-2.  As  for  terrestrial  plants, 
the  maximum  concentration  was  used  for  the  initial  evaluation  because,  based  on  the  relative  immobility 
of  most  terrestrial  invertebrates,  exceedance  of  a  toxicity  value  at  a  sample  location  indicates  the  poten¬ 
tial  for  adverse  effects  at  that  location.  If  the  maximum  concentration  exceeds  the  toxicity  value,  the 
overall  proportion  of  sample  locations  where  the  toxicity  value  is  exceeded  is  then  considered  to  evalu¬ 
ate  the  potential  for  adverse  effects  at  the  population  level. 

4.2.2  Aquatic  Life 

4.2.2.1  Sediment 

Chemical  concentrations  measured  in  sediment  from  the  small  pond  and  wetland  drainage  on 
OU1  and  from  Marumsco  Creek  and  the  Occoquan  Bay  adjacent  to  OU1  were  used  to  evaluate  the  po¬ 
tential  for  adverse  effects  to  benthic  organisms.  Maximum  chemical  concentrations  measured  in  sedi¬ 
ment  samples  are  given  in  Table  4-3.  The  maximum  concentration  was  used  for  the  initial  evaluation 
because,  based  on  the  relative  immobility  of  most  aquatic  invertebrates,  exceedance  of  a  toxicity  value 
at  a  sample  location  indicates  the  potential  for  adverse  effects  at  that  location.  The  potential  for  adverse 
effects  at  the  community  level  can  then  be  evaluated  by  identifying  the  overall  proportion  of  sample  lo¬ 
cations  where  the  toxicity  value  is  exceeded. 

4.2.2.2  Surface  Water 

Chemical  concentrations  measured  in  surface  water  samples  taken  from  OU1  at  the  same  loca¬ 
tions  as  sediment  samples  were  used  to  evaluate  the  potential  for  adverse  effects  to  aquatic  life.  In  ad¬ 
dition,  chemical  concentrations  measured  in  storm  water  runoff  collected  from  OU1  were  used  to  evalu¬ 
ate  the  potential  loading  of  chemicals  into  OU1  surface  water.  Average  concentrations  measured  in 
surface  water  samples  and  surficial  runoff  samples  are  given  in  Tables  4-4,  respectively.  Based  on  the 
mobility  of  most  aquatic  species  and  the  transient  nature  of  surface  water,  particularly  flowing  water,  the 
average  chemical  concentrations  measured  in  the  surface  water  samples  best  represent  the  exposure 
concentrations  to  which  the  aquatic  life  in  a  water  body  could  be  exposed  and  were  selected  for  evalua¬ 
tion. 

4.3  ECOLOGICAL  EFFECTS  ASSESSMENT 

4.3.1  Terrestrial  Life 

Toxicity  criteria  have  not  been  developed  by  USEPA  for  terrestrial  species.  Consequently,  tox¬ 
icity  data  in  the  scientific  literature  were  reviewed  to  characterize  the  toxicity  of  the  COPCs  selected  for 
evaluation.  Toxicity  values  selected  for  the  evaluation  of  the  potential  for  adverse  effects  are  referred  to 
as  toxicity  reference  values  (TRVs)  and  represent  concentrations  of  the  COPCs  that  are  protective  of  the 
ecological  receptors  being  evaluated. 

4.3.1. 1  Terrestrial  Plants 

TRVs  reported  by  Will  and  Suter  (1994a)  to  be  protective  of  terrestrial  plants  were  used  to  as¬ 
sess  the  potential  for  the  inorganic  COPCs  to  adversely  affect  terrestrial  plants.  TRVs  were  established 
by  Will  and  Suter  (1994a)  at  a  level  associated  with  a  twenty  percent  reduction  in  growth  or  yield,  which 
is  consistent  with  other  screening  level  benchmarks  for  ecological  risk  assessment  and  with  the  current 
regulatory  approach.  Very  few  toxicity  values  have  been  developed  for  organic  chemicals  and  the  toxic¬ 
ity  database  is  inadequate  for  the  evaluation  of  potential  adverse  effects  to  terrestrial  plants  from  the 
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presence  of  organic  chemicals  in  surface  soil.  Accordingly,  only  the  potential  adverse  effects  of  inor¬ 
ganic  chemicals  to  terrestrial  plants  were  evaluated  in  the  present  assessment.  Terrestrial  plant  TRVs 
were  not  available  for  iron.  Because  of  the  absence  of  a  toxicity  value  for  iron,  the  potential  for  this 
chemical  to  adversely  affect  terrestrial  plants  could  not  be  further  evaluated  in  the  ERA  and  there  is  un¬ 
certainty  associated  with  the  potential  for  iron  to  adversely  affect  this  potential  receptor. 

There  are  limitations  associated  with  the  toxicity  values  available  for  terrestrial  plants.  The  ma¬ 
jority  of  the  plant  toxicity  information  available  from  the  scientific  literature  is  for  inorganic  COPCs  and 
has  been  based  on  the  evaluation  of  potential  adverse  effects  to  agricultural  crops  from  the  presence  of 
inorganic  chemicals  in  surface  soil.  Furthermore,  the  types  of  adverse  effects  measured  to  develop 
these  toxicity  values  range  from  subtle  (such  as  reduced  growth)  to  severe  (such  as  death).  Also,  phyto¬ 
toxicity  varies  with  the  plant  species  and  with  the  availability  and  form  of  a  given  chemical.  If  a  chemical 
is  more  bioavailable  to  a  plant  for  absorption  or  uptake  (such  as  through  increased  solubility  in  soil),  the 
phytotoxic  potential  of  the  chemical  increases.  Availability  and  chemical  form  are  affected  by  factors 
such  as  soil  pH.  moisture,  temperature,  microbial  activity,  and  interaction  with  other  chemicals.  In  the 
absence  of  site-specific  information  on  the  bioavailability  of  the  chemicals  to  plants,  it  is  assumed  in  this 
assessment  that  their  availability  is  similar  to  studies  reported  in  the  literature.  Thus,  toxicity  may  be 
over-  or  underestimated  depending,  in  part,  on  the  extent  to  which  site-specific  chemical  availability  dif¬ 
fers  from  studies  reported  in  the  literature.  Finally,  Will  and  Suter  (1994a)  indicate  that  terrestrial  plant 
TRVs  that  are  exceeded  by  background  levels  may  be  a  poor  measure  of  risk  to  the  plant  community. 
The  TRVs  derived  by  Will  and  Suter  (1994a)  will  be  used  whether  or  not  they  exceed  background  be¬ 
cause  of  a  lack  of  other  relevant  toxicity  data,  however,  the  uncertainties  associated  with  the  use  of 
these  values  will  be  noted  when  a  background  concentration  for  a  COPC  exceeds  a  TRV. 

4.3.1. 2  Soil  Invertebrates 

TRVs  reported  by  Will  and  Suter  (1994b)  to  be  protective  of  earthworm  populations  were  used 
when  available  to  assess  the  potential  for  inorganic  chemicals  to  adversely  affect  earthworms.  Will  and 
Suter  (1994b)  established  these  TRVs  at  a  level  associated  with  a  twenty  percent  reduction  in  growth, 
reproduction,  or  activity,  which  is  consistent  with  other  screening  level  benchmarks  for  ecological  risk 
assessment  and  with  the  current  regulatory  approach.  In  the  absence  of  TRVs  reported  by  Will  and 
Suter  (1994b),  toxicity  values  reported  in  the  scientific  literature  were  used  to  evaluate  the  potential  for 
adverse  effects  to  soil  Invertebrates.  Soil  invertebrate  TRVs  were  not  available  for  acetone,  PAHs  (other 
than  fluorene),  PCB-1260,  bis(2-ethylhexyl)phthalate,  and  for  the  inorganic  chemicals,  aluminum,  beryl¬ 
lium,  iron,  manganese,  selenium,  and  vanadium.  Because  of  the  absence  of  toxicity  values,  the  poten¬ 
tial  for  these  chemicals  to  adversely  affect  soil  invertebrates  could  not  be  further  evaluated  in  the  ERA 
and  there  is  uncertainty  associated  with  the  potentiai  for  these  chemicals  to  adversely  affect  this  potential 
receptor. 

There  are  limitations  associated  with  the  toxicity  values  available  for  earthworms.  The  toxicity 
data  base  is  limited,  and  the  types  of  adverse  effects  measured  to  develop  these  toxicity  values  range 
from  subtle  (such  as  reduced  growth)  to  severe  (such  as  death).  Furthermore,  toxicity  varies  with  the 
species  of  earthworm  and  with  the  availability  and  form  of  a  given  chemical.  If  a  chemical  is  more 
bioavailable,  the  toxic  potential  of  the  chemical  increases.  Availability  and  chemical  form  are  affected 
by  factors  such  as  soil  pH,  moisture,  temperature,  microbial  activity,  and  interaction  with  other  chemi¬ 
cals.  In  the  absence  of  site-specific  information  on  the  bioavailability  of  the  chemicals,  it  is  assumed  in 
this  assessment  that  their  availability  is  similar  to  studies  reported  in  the  literature.  Thus,  toxicity  may  be 
over-  or  underestimated  depending  in  part  on  the  extent  to  which  site-specific  chemical  availability  differs 
from  studies  reported  in  the  literature.  Finally,  Will  and  Suter  (1994b)  indicate  that  terrestrial  plant  TRVs 
that  are  exceeded  by  background  levels  may  be  a  poor  measure  of  risk  to  the  soil  invertebrates.  The 
TRVs  derived  by  Will  and  Suter  (1994b)  will  be  used  whether  or  not  they  exceed  background  because  of 
a  lack  of  other  relevant  toxicity  data,  however,  the  uncertainties  associated  with  the  use  of  these  values 
will  be  noted  when  a  background  concentration  for  a  COPC  exceeds  a  TRV. 
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4.3.2  Aquatic  Life 

4.3.2.1  Sediment 

Two  sources  of  toxicity  data  were  used  to  identify  the  potential  for  chemicals  in  sediment  to 
cause  adverse  effects  to  benthic  communities.  The  USEPA  Office  of  Water  has  developed  draft 
sediment  quality  criteria  (SQC)  that  represent  the  Agency's  best  recommendation  of  the  concentrations 
of  a  substance  in  sediment  that  will  not  unacceptably  affect  benthic  organisms  (USEPA,  1993).  The 
methodology  used  to  generate  the  proposed  criteria  is  called  the  equilibrium  partitioning  (EqP)  approach 
and  applies  only  to  non-ionic  organic  chemicals.  Draft  freshwater  sediment  criteria  have  recently  been 
developed  for  three  PAHs  (fluoranthene,  phenanthrene,  and  acenaphthene)  and  two  pesticides  (aldrin 
and  dieldrin).  In  addition  to  the  draft  criteria.  Effects  Range-Low  (ER-L)  and  Effects  Range-Median  (ER- 
M)  values  reported  in  Long  and  Morgan  (1990)  and  subsequent  updates  in  Long  et  al.  (1995)  were  em¬ 
ployed  as  TRVs  to  determine  if  chemicals  in  the  sediments  are  likely  to  impact  aquatic  communities. 
Effects  range  values  were  derived  from  the  compilation  of  the  available  sediment  toxicity  data  for  a 
chemical.  The  ER-L  value  is  equivalent  to  the  lower  10th  percentile  of  the  available  toxicity  data,  which 
is  estimated  to  be  the  approximate  concentration  at  which  effects  are  likely  to  occur  in  sensitive  life 
stages  and/or  species.  The  ER-M  value  is  equivalent  to  the  median  of  the  available  toxicity  data,  which 
is  estimated  to  be  the  approximate  concentration  at  which  effects  are  likely  to  occur  in  most  species. 

Available  USEPA  EqP  draft  criteria  and  ER-L/ER-M  values  were  used  to  evaluate  the  potential 
for  adverse  effects  to  benthic  communities.  In  the  case  where  both  USEPA  EqP  draft  criteria  and  ER- 
L/ER-M  values  are  available  for  a  chemical,  the  lower  of  the  two  values  was  used  to  conservatively 
evaluate  the  potential  for  adverse  effects  to  benthic  communities.  For  these  chemicals,  freshwater  EqP 
draft  criteria  were  compared  to  the  ER-L/ER-M  values  used  to  evaluate  the  potential  for  adverse  effects 
to  aquatic  life  in  OU1.  In  the  absence  of  the  above  guidelines,  available  toxicity  values  from  the  scien¬ 
tific  literature  were  used  as  TRVs. 

4.3.2.2  Surface  Water 

Federal  AWQC  were  developed  by  USEPA  for  the  protection  of  aquatic  life  and  were  used  to  as¬ 
sess  potential  impacts  to  aquatic  species.  Both  chronic  and  acute  freshwater  AWQC  were  used  to 
evaluate  the  potential  for  adverse  effects  to  aquatic  life  from  chemicals  measured  directly  in  the  surface 
water  bodies  associated  with  OU1 ,  while  only  acute  freshwater  AWQC  were  used  to  evaluate  the  poten¬ 
tial  for  adverse  effects  to  aquatic  life  from  storm  water  runoff.  Acute  AWQC  were  used  for  the  surface 
water  bodies  because  a  storm  event  was  occurring  at  the  time  of  sampling  and  there  is  the  potential  for  a 
"pulse"  of  chemicals  to  have  been  released  in  surface  water  as  a  result  of  increased  surficial  mnoff. 
Following  the  same  rationale,  the  acute  AWQC  were  used  to  evaluate  the  potential  for  surficial  runoff  to 
adversely  affect  aquatic  life.  Chronic  freshwater  AWQC  also  were  used  for  the  surface  water  bodies  in 
case  the  detected  concentrations  are  indicative  of  longer-term  exposure.  The  hardness  calculated  for 
the  open  water  area  adjacent  to  OU1  was  82  mg/I  as  CaCOa,  which  was  used  to  derive  hardness- 
dependent  criteria  for  this  water  body.  The  hardness  for  the  surficial  runoff  was  assumed  to  be  100  mg/I 
as  CaCOa.  No  hardness-based  criteria  were  detected  in  either  the  ephemeral  pond  or  wetland  area. 

4.4  RISK  CHARACTERIZATION 

In  this  section  of  the  ERA,  the  potential  exposure  concentrations  derived  in  Section  4.2  are  com¬ 
pared  with  the  TRVs  derived  in  Section  4.3  to  evaluate  the  potential  for  adverse  effects  to  ecological  re¬ 
sources  from  exposure  to  the  COPCs. 

Estimated  exposure  concentrations  for  the  COPCs  are  compared  to  TRVs  by  creating  a  ratio  of 
the  estimated  exposure  concentration  to  the  TRV.  This  ratio  is  termed  the  Environmental  Effects  Quo¬ 
tient  (EEQ).  If  the  EEQ  is  less  than  or  equal  to  1 .0  (indicating  the  exposure  concentration  is  less  than 
the  TRV)  then  adverse  effects  are  considered  unlikely.  If  the  EEQ  is  greater  than  1 .0  (indicating  the  ex¬ 
posure  concentration  is  greater  than  the  TRV),  there  is  a  potential  for  adverse  effects  to  occur.  The  con¬ 
fidence  level  of  the  conclusion  increases  as  the  magnitude  of  the  ratio  departs  from  1.0.  For  example, 
there  is  greater  confidence  in  a  risk  estimate  where  the  EEQ  is  0.1  or  10,  than  in  a  EEQ  which  is  closer 
to  1 .0.  USEPA  Region  III  Guidelines  (USEPA,  1994b)  summarizes  the  level  of  the  EEQ  exceedance  by 
stating  that  an  EEQ  greater  than  1 .0  indicates  a  "potential  risk",  an  EEQ  greater  than  1 0  indicates  a 
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"moderately  high  potential  risk",  and  an  EEQ  greater  than  100  indicates  an  "extreme  risk".  This  inter¬ 
pretation  of  the  magnitude  of  exceedance  will  be  used  along  with  a  spatial  evaluation  of  contamination  to 
evaluate  risks  to  ecological  resources.  The  uncertainties  associated  with  the  risk  estimates  are  briefly 
discussed  below  and  are  discussed  in  greater  detail  in  Section  4.5. 

4.4.1  Terrestrial  Plants 

Twelve  inorganic  chemicals  were  identified  as  COPCs  and  were  compared  to  available  plant 
TRVs  in  Table  4-7.  As  discussed  in  Section  4.3.1. 1,  adverse  effects  associated  with  exposure  to  iron 
and  all  organic  COPCs  were  not  evaluated  in  this  assessment  because  TRVs  could  not  be  found  for 
these  chemicals  in  the  scientific  literature.  Thus,  there  is  uncertainty  associated  with  the  lack  of  toxicity 
information  available  for  these  surface  soil  COPCs. 

The  maximum  detected  concentrations  of  aluminum,  chromium,  manganese,  selenium,  vana¬ 
dium,  and  zinc  exceeded  the  available  terrestrial  plant  TRVs.  Of  these  chemicals,  the  maximum  surface 
soil  concentration  of  aluminum  exceeded  the  TRV  to  the  greatest  extent  (EEQ  of  326),  followed  by 
chromium,  vanadium,  selenium,  zinc,  and  manganese  (EEQ  of  96.7,  26.6,  24.5,  6.0,  and  2.9,  respec¬ 
tively).  Concentrations  of  aluminum,  chromium,  and  vanadium  exceeded  the  plant  TRVs  at  all  surface 
soil  sample  locations  suggesting  the  potential  for  adverse  effects  at  all  locations.  It  should  be  noted, 
however,  concentrations  of  all  chemicals  which  exceeded  TRVs  did  not  statistically  exceed  those  de¬ 
tected  at  reference  sample  locations.  In  fact,  with  the  exception  of  the  high  concentration  of  chromium 
detected  at  sample  location  RISS55  (97  mg/kg;  see  Appendix  B.1)  adjacent  to  AREE  1,  the  maximum 
detected  concentrations  of  all  three  chemicals  fell  within  10  to  12%  of  the  maximum  concentration  de¬ 
tected  at  background  locations.  These  results  suggest  the  majority  of  detected  concentrations  of  these 
three  chemicals  are  likely  to  be  reflective  of  regional,  not  OUl-related  concentrations.  As  noted  in  Sec¬ 
tion  4.3.1 .1 ,  Will  and  Suter  (1994a)  indicate  that  terrestrial  plant  TRVs  that  are  exceeded  by  background 
levels  may  be  a  poor  measure  of  risk  to  the  plant  community  because  inorganic  chemicals  detected  in 
background  locations  at  concentrations  above  TRVs  are  likely  to  be  reflective  of  the  local/regional  soil 
type,  in  which  case  plants  are  likely  to  be  adapted  to  these  levels.  Section  4.5.3  of  the  ERA  should  be 
referred  to  for  a  discussion  of  the  uncertainties  associated  with  the  use  of  these  toxicity  values. 

Selenium,  zinc,  and  manganese  were  also  detected  at  concentrations  above  the  TRVs.  How¬ 
ever,  the  detected  concentrations  of  these  chemicals  exceed  plant  TRVs  at  only  a  limited  number  of 
sample  locations  suggesting  the  extent  of  adverse  effects,  if  occurring,  is  likely  to  be  limited.  Selenium 
exceeded  the  plant  TRVs  at  sample  locations  RISS21  and  22  associated  with  AREE  6A  and  at  sample 
location  RISS24  associated  with  AREE  6B.  Selenium,  however,  was  not  detected  at  any  other  sample 
location.  Zinc  exceeded  the  plant  TRVs  at  sample  locations  RISS1,  4,  55,  and  56,  all  of  which  are  on  or 
close  to  AREE  1 .  Finally,  manganese  exceeded  the  plant  TRVs  at  sample  location  RISS-9  adjacent  to 
AREEs  2  and  5.  The  elevated  concentrations  at  these  sample  locations  are  likely  to  reflect  contamina¬ 
tion  from  past  activities  and  adverse  effects,  if  occurring,  would  be  limited  to  the  area  around  these  sam¬ 
ple  locations.  It  should  be  noted,  however,  the  limited  exceedances  of  selenium,  zinc,  and  manganese 
did  not  cause  the  overall  detected  concentrations  of  these  compounds  to  statistically  exceed  concentra¬ 
tions  detected  at  reference  sample  locations  suggesting  the  detected  concentrations  are  reflective  of  re¬ 
gional  and  not  site-related  concentrations. 

4.4.2  Soil  Invertebrates 

Organic  and  inorganic  chemicals  identified  as  COPCs  were  compared  to  available  earthworm 
TRVs  in  Table  4-8.  As  discussed  in  Section  4.3. 1.2,  the  only  organic  chemical  for  which  a  TRV  could  be 
found  in  the  scientific  literature  was  fluorene.  Because  the  maximum  concentration  of  this  COPC  is  be¬ 
low  the  available  TRVs,  it  is  reasonable  to  conclude  this  organic  chemical  will  not  adversely  affect  soil 
invertebrates.  There  is,  however,  uncertainty  associated  with  the  lack  of  toxicity  information  available  for 
the  majority  of  organic  COPCs,  particularly  with  respect  to  the  PAHs. 

The  available  earthworm  TRVs  were  exceeded  by  the  maximum  surface  soil  concentrations  of 
chromium  (EEQ  of  242),  and  to  a  lesser  extent,  mercury  (EEQ  of  1.2)  and  zinc  (EEQ  of  1.5).  Chromium 
concentrations  exceeded  the  earthworm  TRVs  at  all  sample  locations  (see  Appendix  B.1).  However, 
with  the  exception  of  the  high  concentration  of  chromium  detected  at  sample  location  RISS55  (97  mg/kg; 
see  Appendix  B.1)  adjacent  to  AREE  1,  the  detected  concentrations  of  this  chemical  fell  within  10%  of 
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the  maximum  concentration  detected  at  background  locations,  suggesting  the  detected  concentrations  of 
chromium  at  most  locations  are  similar  to  background.  Zinc  concentrations  exceeded  the  TRV  at  two 
sample  locations  in  AREE  1  (RISS1  and  2),  while  mercury  exceeded  the  TRV  at  only  one  sample  loca¬ 
tion  (RISS4).  This  indicates  a  very  limited  potential  for  adverse  effects  from  these  chemicals.  It  should 
be  noted,  however,  the  limited  exceedances  of  chromium  and  zinc  did  not  cause  the  overall  detected 
concentrations  of  these  compounds  to  statistically  exceed  concentrations  detected  at  reference  sample 
locations,  suggesting  the  detected  concentrations  are  reflective  of  regional  and  not  site-related  concen¬ 
trations. 

4.4.3  Aquatic  Life 
4.4.3.1  Sediment 

In  this  section,  the  COPCs  in  the  sediments  of  OU1  are  compared  to  available  TRVs  in  Table 
4-9.  A  detailed  discussion  of  these  comparisons  is  presented  below  for  each  of  the  surface  water  group¬ 
ings. 

Ephemeral  Pond.  No  organic  chemicais  were  identified  as  COPCs  in  the  ephemeral  pond 
sediment.  Meanwhile,  the  following  seven  inorganic  compounds  were  identified  as  COPCs: 
aluminum,  barium,  beryiiium,  chromium,  cobalt,  iron,  and  vanadium.  The  maximum  detected 
concentrations  of  chromium  and  iron  did  not  exceed  their  respective  TRVs.  TRVs  were  not 
available  for  aluminum,  barium,  beryiiium,  cobalt,  and  vanadium,  and  there  is  uncertainty 
associated  with  the  potential  for  these  chemicals  to  adversely  affect  aquatic  life.  However,  the 
concentrations  of  ail  of  the  inorganic  COPCs  were  determined  (using  the  procedure  outlined  in 
Section  4.1 .2)  not  to  exceed  those  detected  at  reference  sample  locations,  suggesting  the  detected 
concentrations  of  these  chemicals  are  reflective  of  regional  and  not  site-related  concentrations. 

Wetland.  Five  PAHs  and  PCB-1260  were  identified  as  COPCs  in  the  wetland  sediment.  With  the 
exception  of  indeno(1 ,2,3-c,d)pyrene,  the  maximum  detected  concentrations  of  all  PAHs  exceeded 
the  ER-Ls  (EEQs  ranging  from  99.4  for  acenaphthene  to  11.5  for  anthracene),  while  the  ER-Ms 
were  exceeded  by  only  the  maximum  detected  concentrations  of  acenaphthene  (EEQ  of  3.2)  and 
1-methylnapthalene  (EEQ  of  3.6).  The  maximum  detected  concentration  of  PCB-1260  also 
exceeded  the  ER-L  (EEQ  of  5.7),  but  remained  below  the  ER-M  (EEQ  <  1). 

With  the  exception  of  iron,  which  just  exceeded  the  available  TRV  (EEQ  of  1.2),  none  of  the 
inorganic  chemicals  were  detected  in  sediment  at  concentrations  exceeding  the  available  TRVs. 
However,  TRVs  were  not  available  for  aluminum,  beryllium,  cobalt,  and  vanadium,  and  there  is 
uncertainty  associated  with  the  potential  for  these  chemicals  to  adversely  affect  aquatic  life. 

Open  Water.  Four  PAHs,  DDT,  its  breakdown  products  DDD  and  DDE,  and  PCB-1260  were 
identified  as  COPCs  in  the  open  water  area  sediment.  The  maximum  detected  concentrations  of 
all  four  PAHs  exceeded  the  ER-Ls  (EEQs  ranging  from  446.9  for  acenaphthene  to  6.5  for 
anthracene),  while  the  ER-Ms  were  exceeded  by  the  maximum  detected  concentrations  of 
acenaphthene  (EEQ  of  14.3)  and  2-methylnapthalene  (EEQ  =  2.9).  DDT,  DDD,  and  DDE  were 
detected  at  maximum  concentrations  above  the  ER-Ls  (EEQs  ranging  from  18.0  for  DDT  to  4.1  for 
DDE).  Finally,  the  maximum  detected  concentration  of  PCB-1260  exceeded  the  ER-L  (EEQ  of 
3.7),  but  remained  below  the  ER-M  (EEQ  <  1). 

The  ER-L  or  other  available  TRVs  were  exceeded  by  the  maximum  concentrations  of  copper,  iron, 
manganese,  nickel,  silver,  and  zinc  (EEQs  ranging  from  3.5  for  silver  to  1.1  for  copper,  nickel,  and 
zinc).  TRVs  were  not  available  for  aluminum,  beryllium,  cobalt,  and  vanadium,  and  there  is 
uncertainty  associated  with  the  potential  for  these  chemicals  to  adversely  affect  aquatic  life. 

Summary  and  Discussion  of  Sediment  Results.  The  results  of  the  sediment  analysis  suggest  that 
aquatic  life  wiil  not  be  adversely  affected  by  chemicals  in  the  sediments  of  the  ephemeral  pond. 
There  is,  however,  some  potential  for  chemicals  detected  in  the  sediments  of  the  wetlands  and 
open  water  areas  to  adversely  affect  aquatic  life.  However,  adverse  effects  occurring  in  these 
water  bodies  are  likely  at  only  a  limited  number  of  areas  given  the  low  frequency  of  occurrence  of 
most  chemicals. 
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Of  the  organic  compounds  detected  in  the  sediments  at  the  wetland  and  open  water  areas,  the 
greatest  potential  for  adverse  effects  to  aquatic  life  at  OU1  is  from  the  presence  of  PAHs.  Several 
of  the  PAHs  were  detected  at  concentrations  above  the  ER-M,  indicating  the  potential  for  adverse 
effects  to  most  aquatic  life.  However,  these  exceedances  occurred  at  only  a  limited  number  of 
sample  locations  in  the  wetland/open  water  area  suggesting  adverse  effects,  if  occurring,  are  likely 
to  be  localized.  Acenaphthene,  which  was  detected  at  two  sample  locations  in  the  wetland  area 
(R1SD11  and  12)  and  at  a  single  location  in  the  open  water  area  (RISD18),  was  detected  at  the 
highest  concentration  relative  to  the  TRV,  and  thus,  has  the  greatest  potential  to  adversely  affect 
aquatic  life.  The  detected  concentrations  of  acenaphthene  exceeded  the  ER-M  at  both  of  these 
areas.  The  PAH  1-methylnaphthalene  was  also  detected  at  concentrations  above  the  ER-L  at  both 
sample  locations  in  the  wetland  area  (RISD11  and  12),  and  exceeded  the  ER-M  (RISS12)  at  one  of 
these  sample  locations.  Finally,  the  PAH  2-methylnaphthalene  was  detected  at  a  single  sample 
location  in  the  open  water  area  (RISD18)  at  a  concentration  above  the  ER-M.  All  other  PAHs  were 
detected  at  concentrations  exceeding  only  the  ER-L  values,  suggesting  the  potential  for  adverse 
effects  only  to  sensitive  aquatic  species. 

PCB-1260  and  DDT/DDD/DDE  were  also  detected  at  a  limited  number  of  sample  locations.  PCB- 
1260  was  detected  at  two  sample  locations  in  the  wetland  area  (02SE02  and  02SE04)®  and  in  one 
sediment  sample  (RISD20)  collected  from  the  open  water  area.  DDT  and/or  its  degradation 
products  DDD  and  DDE  were  detected  at  a  single  location  (RISD19)  in  the  sediment  associated 
with  the  open  water  area.  However,  based  on  the  detected  concentrations  of  both  PCB-1260  and 
the  DDT  compounds,  which  exceeded  only  the  ER-L  values,  it  is  reasonable  to  conclude  that 
adverse  effects,  if  occurring,  would  be  limited  to  sensitive  aquatic  organisms. 

A  limited  number  of  inorganic  chemicals  exceeded  the  available  TRVs  in  the  wetland  and  open 
water  areas.  Iron  exceeded  the  available  TRVs  in  both  the  wetland  and  open  water  area  while 
copper,  manganese,  nickel,  silver,  and  zinc  exceeded  the  TRVs  in  only  the  open  water  area. 
However,  the  level  of  exceedance  (EEQ  <  3.5)  suggests  only  a  limited  potential  for  adverse  effects 
to  aquatic  life.  Further,  with  the  exception  of  silver,  the  concentrations  of  all  these  chemicals  were 
determined  (using  the  procedure  outlined  in  Section  4.1.2)  not  to  exceed  those  detected  at 
reference  sample  locations,  suggesting  the  overall  detected  concentrations  are  reflective  of 
regional  and  not  site-related  concentrations.  Silver,  which  was  detected  at  concentrations  above 
background,  was  detected  at  only  a  single  sample  location  (RISD17). 

When  evaluating  the  results  of  the  sediment  data,  consideration  needs  to  be  given  to  the  likely 
origin  of  the  chemicals  detected  in  sediment.  All  of  the  organic  chemicals  detected  at 
concentrations  above  the  available  toxicity  values  were  also  detected  in  the  surface  soils  of  OU1 
suggesting  they  may  originate  from  OU1.  In  fact,  in  some  cases  there  appears  to  be  a  spatial 
relationship  between  the  occurrence  of  chemicals  in  sediment  and  those  in  surface  soil.  For 
example,  DDT,  DDD,  and  DDE  were  detected  both  in  surface  soil  at  sample  locations  adjacent  to 
AREE  1  (DDT  was  detected  at  RISS1,  55,  56;  DDD  was  detected  at  RISS1,  4,  55,  56;  and  DDE 
was  detected  at  RISS4,  55,  and  56)  and  in  sediment  at  RISD19,  which  is  in  Marumsco  Creek 
immediately  downgradient  of  AREE  1.  The  spatial  trend  was  not  apparent  for  some  other 
chemicals  such  as  PCB-1260  and  1-methylnaphthalene.  However,  Marumsco  Creek  and  the 
Occoquan  Bay  are  components  of  a  highly  urbanized  watershed,  are  likely  to  receive  chemicals 
from  a  variety  of  different  sources,  and  some  chemicals  present  in  these  water  bodies  are  likely  to 
be  originating  from  areas  other  than  OU1.  For  example,  acenaphthene  and  PCB-1260  were  both 
detected  at  locations  upgradient  of  the  sample  locations  in  Marumsco  Creek  and  are  likely  to  have 
originated  from  locations  other  than  OU1.  The  results  of  the  clam  samples  analyzed  for  te  Rl 
indicate  that  higher  concnetrations  of  pesticides  were  detected  in  upgradient  locations  in 
Marumsco  Creek  and  decreased  in  downgradient  locations.  This  suggests  that  off-site  sources  are 
contributing  to  the  chemical  concentrations  detected  in  Marumsco  Creek  and  that  impacts  from 
WRF  may  not  be  the  sole  source  for  these  chemicals.  A  full  analysis  of  these  data  will  be 
presented  in  the  Rl  report  for  WRF.  Although  the  origin  of  the  chemical  does  not  affect  the 


^PCB-1 260  was  detected  at  the  two  sediment  locations  sampled  in  1 993  during  the  Phase  1  Site  Investigation  but  was  not  detected  in  the 
two  sediment  samples  collected  in  the  same  drainage  during  the  Remedial  Investigation. 
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potential  for  adverse  effects,  it  may  affect  the  evaluation  of  remedial  alternatives  and  should  be 
considered  when  evaluating  these  options. 

Following  completion  of  the  draft  ERA,  newly-derived  sediment  toxicity  values  developed 
specifically  for  freshwater  environments  were  obtained.  The  newer  values,  derived  by  Smith  et  al. 
(1996),  are  termed  threshold  effect  levels  (TELs)  and  are  intended  to  estimate  the  concentration  of 
a  chemical  below  which  adverse  biological  effects  only  rarely  occur.  To  evaluate  the  effect  of 
these  newer  toxicity  values  on  risk  estimates,  available  TELs  were  screened  against  the  detected 
concentrations  of  all  COPCs.  It  should  be  noted,  however,  for  the  organic  COPCs  detected  in 
OU1  sediments,  TELs  were  available  only  for  the  pesticides  and  PCBs.  TELs  were  available  for 
the  same  inorganic  COPCs  as  ER-Ls. 

TELs  were  similar  to  ER-Ls,  as  were  corresponding  risk  estimates.  None  of  the  COPCs  detected 
at  maximum  concentrations  below  the  ER-Ls  were  at  maximum  concentrations  above  the  TELs. 
For  chemicals  with  maximum  detected  concentrations  greater  than  the  ER-Ls,  TELs  were  lower 
than  ER-Ls  for  PCB-1260  (TEL,  0.00341  mg/kg),  ODD  (TEL,  0.00354  mg/kg),  DDT  (TEL,  0.007 
mg/kg),  and  copper  (TEL,  35.7  mg/kg)  while  TELs  were  greater  than  ER-Ls  for  DDE  (TEL, 
0.001 42mg/kg),  nickel  (TEL,  18  mg/kg),  and  zinc  (TEL,  123  mg/kg).  The  EEQs  shifted  slightly 
based  on  differences  in  TELs  for  all  chemicals  detected  at  maximum  concentrations  exceeding  the 
ER-Ls.  EEQs  decreased  slightly  for  PCB-1260  in  the  wetland  (3.8  from  5.7  for  the  ER-L 
comparison)  and  the  open  water  area  (2.5  from  3.7  for  the  ER-L  comparison),  DDD  in  the  open 
water  area  (4.8  from  8.5  for  the  ER-L  comparison),  DDT  in  the  open  water  area  (2.6  from  18.0  for 
the  ER-L  comparison),  and  copper  in  the  open  water  area  (1.0  from  1.1  for  the  ER-L  comparison). 
EEQs  increased  slightly  for  DDE  in  the  open  water  area  (6.3  from  4.1  for  the  ER-L  comparison), 
nickel  in  the  open  water  area  (1 .25  from  1 .1  for  the  ER-L  comparison),  and  zinc  in  the  open  water 
area  (1.3  from  1.1  for  the  ER-L  comparison).  These  changes,  however,  do  not  alter  the  overall 
conclusions  of  the  sediment  analysis  in  the  ERA. 

4.4.3.2  Surface  Water 

In  this  section  of  the  ERA,  the  COPCs  in  the  surface  water  of  OU1  are  compared  to  available 

TRVs  in  Table  4-10.  A  detailed  discussion  of  these  comparisons  is  presented  below  for  each  of  the  sur¬ 
face  water  groupings. 

Ephemeral  Pond.  No  organic  chemicals  were  identified  in  the  ephemeral  pond  surface  water, 
while  the  inorganic  compounds  aluminum  and  iron  were  identified  as  COPCs.  The  arithmetic 
mean  aluminum  concentration®  exceeded  the  chronic  AWQC  (EEQ  of  6.3)  but  remained  below  the 
acute  AWQC  (EEQ  <  1.0),  while  the  arithmetic  mean  iron  concentration  remained  below  the 
chronic  AWQC.  It  should  be  noted  however,  on  site  aluminum  concentrations  did  not  exceed 
those  detected  at  reference  sample  locations,  suggesting  the  detected  concentrations  of  this 
chemical  are  reflective  of  regional  and  not  site-related  concentrations. 

Wetland.  No  organic  chemicals  were  identified  as  COPCs  in  the  wetland  surface  water,  while  the 
inorganic  compounds  aluminum  and  iron  were  identified  as  COPCs.  The  arithmetic  mean 
concentrations  of  both  aluminum  and  iron  exceeded  the  chronic  AWQC  (EEQ  of  22.4  for 
aluminum  and  2.4  for  iron).  The  arithmetic  mean  concentration  of  aluminum  also  exceeded  the 
acute  AWQC  (EEQ  of  2.6).  An  acute  AWQC  was  not  available  for  iron. 

Open  Water.  No  organic  chemicals  were  identified  as  COPCs,  while  six  inorganic  compounds 
were  identified  as  COPCs  in  the  wetland  surface  water.  The  arithmetic  mean  concentration  of 
aluminum  exceeded  both  the  chronic  and  acute  AWQC  (EEQ  of  23.4  for  the  chronic  AWQC  and 
2.7  for  the  acute  AWQC).  The  arithmetic  mean  concentrations  of  iron  and  lead  also  exceeded  the 
chronic  AWQC,  though  to  a  lesser  extent  than  aluminum  (EEQ  of  2.8  for  iron  and  1.3  for  lead).  It 
should  be  noted  however,  the  concentrations  of  aluminum,  iron,  and  lead  were  determined  (using 
the  procedure  outlined  in  Section  4.1.2)  not  to  exceed  those  detected  at  reference  sample 
locations,  suggesting  the  detected  concentrations  of  these  chemicals  are  reflective  of  regional  and 


®The 


maximum  detected  concentration  was  used  because  only  one  sample  was  taken  and  a  mean  concentration  could  not  be  calculated. 
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not  site-related  concentrations.  None  of  the  other  inorganic  COPCs  in  the  wetland  surface  water 
exceeded  the  available  AWQC. 

Summary  and  Discussion  of  Surface  Water  Resutts.  The  results  of  the  surface  water  analysis 
indicate  a  very  limited  potential  for  adverse  effects  to  aquatic  life.  No  organic  chemicals  were 
detected  in  any  of  the  surface  water  bodies  sampled.  Of  the  inorganic  chemicals  detected  in 
surface  water,  aluminum  was  detected  at  the  highest  concentrations  relative  to  the  TRVs, 
exceeding  the  chronic  AWQC  in  all  three  of  the  sampled  water  bodies  (EEQ  of  up  to  23.4)  and 
exceeding  the  acute  AWQC  in  the  wetland  and  open  water  areas  (EEQ  of  up  to  2.7).  Iron  was  also 
detected  at  concentrations  exceeding  the  chronic  TRV  in  the  wetland  and  open  water  areas  (EEQ 
of  up  to  2.8),  while  lead  was  detected  at  concentrations  exceeding  the  TRV  in  the  open  water  area 
(EEQ  of  up  to  2.4).  Neither  of  these  chemicals,  however,  were  detected  at  concentrations 
exceeding  the  acute  TRVs. 

The  above  comparison  indicates  the  potential  for  adverse  effects  to  aquatic  life  from  the  presence 
of  three  inorganic  chemicals  in  the  surface  water  of  OU1.  However,  several  factors  must  be 
considered  when  evaluating  risks.  Precipitation  events  occurred  for  several  days  prior  to  and 
during  the  collection  of  surface  water  samples  and  field  notes  indicate  a  relatively  high  silt  content 
in  the  surface  water  samples.  Further,  the  concentrations  of  the  inorganic  chemicals  detected  in 
the  ephemeral  pond  and  the  open  water  were  determined  (using  the  procedure  outlined  in  Section 
4.1.2)  not  to  exceed  the  concentrations  detected  at  reference  sample  locations.  These  results 
suggest  elevated  inorganic  concentrations  may  have  resulted  from  runoff  and  sediment 
suspension  during  the  storm  event.  While  these  concentrations  are  an  accurate  representation  of 
chemical  concentrations  during  storm  events,  they  are  unlikely  to  be  representative  of  chemical 
concentrations  that  would  occur  during  lower  flow  conditions. 

4.4.3.3  Storm  Water  Runoff 

No  organic  chemicals  were  detected  in  surface  water  runoff  at  concentrations  exceeding  acute 
AWQC  (EEQ  <1.0).  The  arithmetic  mean  concentration  of  aluminum  exceeded  the  acute  AWQC  (EEQ 
of  24.8)  to  the  greatest  extent.  The  arithmetic  mean  concentrations  of  barium,  chromium,  copper,  and 
zinc  also  exceeded  the  acute  AWQC,  though  to  a  much  lesser  extent  than  aluminum  (EEQ  ranging  from 
1.02  for  barium  to  1.69  for  chromium).  None  of  the  other  inorganic  COPCs  in  the  storm  water  runoff 
were  detected  at  concentrations  exceeding  the  acute  AWQC. 

Storm  water  runoff  samples  suggest  a  limited  number  of  inorganic  chemicals,  primarily  alumi¬ 
num,  could  be  entering  the  water  bodies  associated  with  OU1  at  elevated  concentrations,  and  as  dis¬ 
cussed  above,  may  be  contributing  to  the  elevated  metals  concentrations  detected  in  surface  water. 
However,  detailed  modeling  which  is  beyond  the  scope  of  this  assessment  would  be  required  to  quantify 
the  affect  of  surficial  runoff  on  the  chemical  concentrations  detected  in  surface  water. 

4.5  UNCERTAINTIES 

The  OU1  ERA  incorporates  a  number  of  uncertainties  associated  with  the  estimates  of  ecological 
risk.  The  general  approach  in  this  ERA  has  been  to  err  on  the  side  of  conservatism.  Accordingly,  the 
risks  in  this  ERA  are  likely  to  be  overestimated  rather  than  underestimated.  However,  a  complete  under¬ 
standing  of  the  uncertainties  associated  with  the  risk  estimates  is  crucial  to  placing  the  estimated  risks 
into  proper  perspective.  The  main  areas  of  uncertainty  associated  with  the  ERA  can  be  grouped  under 
the  following  categories: 

•  Environmental  Sampling  and  Analysis  and  Selection  of  Chemicals  for  Analysis; 

•  Identification  of  Exposure  Pathways/Receptors  for  Evaluation  and  Exposure  Parameter  Es¬ 
timation; 

•  Analysis  of  Toxicological  Data;  and 

•  Assessment  of  Risks. 

The  major  uncertainties  in  each  of  these  categories  are  discussed  in  the  following  sections. 
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4.5.1  Environmental  Sampling  and  Analysis  and  Selection  of  Chemicals  of  Potential  Concern 

The  major  source  of  uncertainty  in  the  environmental  sampling  and  analysis  is  associated  with 
the  representativeness  of  the  samples  taken  in  surface  water.  As  discussed  in  Section  4.4.4.2,  surface 
water  samples  were  collected  during  a  storm  event  and  runoff  most  likely  contributed  to  the  elevated  in¬ 
organic  chemical  concentrations  observed  in  samples  taken  from  OU1.  The  likely  "pulse"  release  of 
chemicals  could  overestimate  the  potential  for  adverse  effects  to  aquatic  life,  particularly  when  the  con¬ 
centrations  are  being  compared  to  chronic  AWQC. 

4.5.2  Identification  of  Exposure  Pathways/Receptors  for  Evaluation  and  Exposure  Parame¬ 
ter  Estimation 

A  number  of  uncertainties  are  associated  with  the  identification  of  potential  exposure  pathways 
selected  for  evaluation  in  the  ERA.  For  example,  the  potential  for  adverse  effects  to  terrestrial  wildlife 
from  the  dermal  absorption  or  inhalation  of  chemicals  could  not  be  evaluated  because  of  a  lack  of  expo¬ 
sure  data.  However,  based  on  the  COPCs  detected  in  the  sampled  media,  these  potential  exposure 
pathways  are  unlikely  to  occur  or  to  result  in  adverse  effects  to  terrestrial  species  and  the  inclusion  of 
these  pathways  is  unlikely  to  significantly  alter  the  risk  estimates. 

4.5.3  Analysis  of  Toxicological  Data 

There  are  a  number  of  uncertainties  associated  with  the  toxicity  values  used  for  the  evaluation  of 
potential  adverse  effects  to  ecological  receptors.  There  is  uncertainty  associated  with  the  applicability  of 
the  available  toxicity  data  to  the  species  occurring  on  WRF.  For  example,  the  National  Oceanic  Atmos¬ 
pheric  Administration  (NOAA)  ER-L/ER-M  values  were  used  to  evaluate  the  potential  for  adverse  effects 
to  benthic  organisms  in  many  of  the  ephemeral  surface  water  bodies  on  WRF.  These  toxicity  values 
were  derived  largely  for  brackish  water  habitats  and  may  not  be  relevant  to  the  aquatic  life  occurring  in 
the  freshwater  bodies  on  WRF.  Similarly,  Federal  AWQC  were  used  to  evaluate  the  potential  for  ad¬ 
verse  effects  to  aquatic  life  from  the  presence  of  chemicals  in  surface  water.  However,  many  of  the 
species  for  which  the  AWQC  were  designed  may  not  be  representative  of  species  actually  occurring  in 
the  water  bodies  associated  with  OU1.  Depending  on  the  species  occurring  in  these  water  bodies,  these 
toxicity  values  may  over-  or  underestimate  the  potential  for  adverse  effects  to  aquatic  life.  Given  the 
relatively  conservative  nature  of  the  toxicity  values,  however,  it  is  likely  the  potential  for  adverse  effects 
was  overestimated  rather  than  underestimated. 

There  is  also  uncertainty  associated  with  the  use  of  some  toxicity  values  that  are  below  the  con¬ 
centrations  of  inorganic  chemicals  detected  at  reference  sample  locations.  This  was  most  apparent  in 
the  use  of  terrestrial  plant  and  soil  invertebrate  toxicity  values.  Will  and  Suter  (1994a,  b)  indicate  both 
terrestrial  plant  and  soil  invertebrate  toxicity  values  that  are  exceeded  by  background  levels  may  be  a 
poor  measures  of  risk  to  the  soil  invertebrates,  assuming  these  concentrations  are  reflective  of  naturally 
occurring  levels  and  not  widespread  contamination.  Will  and  Suter's  conclusion  is  based  on  the  as¬ 
sumption  that  biota  occurring  in  an  area  will  be  adapted  to  naturally  occurring  levels  of  these  chemicals 
in  the  environment.  Toxicity  values  less  than  background  levels  were  used  in  the  ERA  because  of  a  lack 
of  other  relevant  toxicity  data,  however,  the  potential  for  overestimated  of  risks  should  be  accounted  for 
when  making  risk  management  decisions. 

4.5.4  Assessment  of  Risks 

There  are  uncertainties  associated  with  the  assessment  of  risks  in  the  ERA.  The  most  apparent 
uncertainty  is  the  extrapolation  of  assumptions  about  the  potential  for  adverse  effects  from  individual 
organisms  to  populations  or  communities.  For  the  higher  trophic  level  terrestrial  species,  the  ERA  made 
conclusions  about  the  potential  for  adverse  effects  to  individual  organisms.  Very  few  models  are  avail¬ 
able  to  extrapolate  the  potential  for  adverse  effects  from  the  individual  level  to  the  population  or  com¬ 
munity-level.  Because  of  the  limited  availability  of  such  models,  certain  assumptions  had  to  be  made 
about  the  overall  potential  for  adverse  effects  to  ecological  receptors.  It  was  generally  assumed  if  there 
is  no  potential  for  direct  adverse  effects  to  individual  organisms  then  it  is  also  unlikely  for  there  to  be  the 
potential  for  direct  adverse  effects  to  populations  or  communities.  Similarly,  it  was  assumed  that  if  there 
is  the  potential  for  adverse  effects  to  individual  organisms  there  is  also  the  potential  for  adverse  effects 
to  populations  or  communities.  Risks  may  have  been  overestimated  by  this  latter  assumption. 
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4.6  SUMMARY  OF  THE  ECOLOGICAL  RISK  ASSESSMENT 

Based  on  an  analysis  of  the  wildlife  species  associated  with  OU1  and  the  COPC  detected  in  en¬ 
vironmental  media,  the  following  endpoints  were  selected  for  evaluation  in  the  ERA: 

•  Adverse  effects  to  terrestrial  plant  communities  from  direct  contact  with  chemicals  in  surface 
soil; 

•  Adverse  effects  to  terrestrial  invertebrate  communities  (as  represented  by  earthworms)  from 
direct  contact  with  chemicals  in  surface  soil; 

•  Adverse  effects  to  aquatic  life  from  exposure  to  chemicals  in  sediment;  and 

•  Adverse  effects  to  aquatic  life  from  exposure  to  chemicals  in  surface  water. 

Several  pathways  by  which  ecological  resources  could  be  adversely  affected  via  accumulation  in 
terrestrial  and  aquatic  food  webs  were  also  identified  (see  Table  4-5).  However,  the  evaluation  of  bioac¬ 
cumulation  in  the  OU1  ERA  would  not  accurately  represent  bioaccumulation  at  WRF  for  the  following 
reasons:  (1)  the  distribution  of  many  chemicals  at  WRF  having  the  potential  to  bioaccumulate  is  unlikely 
to  be  limited  to  the  OU1  area,  (2)  OU1  represents  only  an  isolated  portion  of  a  drainage  basin  likely  to  be 
affected  by  chemical  contamination  originating  from  this  area,  and  (3)  r^any  species  potentially  affected 
by  bioaccumulative  compounds  are  likely  to  forage  throughout  the  facility  and  not  just  at  OU1 .  Accord¬ 
ingly,  the  analysis  of  bioaccumulative  pathways  was  deferred  until  the  site-wide  assessment  where  these 
risks  could  be  more  accurately  addressed. 

Absolute  conclusions  regarding  the  potential  for  chemicals  at  OU1  to  adversely  affect  ecological 
resources  cannot  be  made  because  of  the  many  uncertainties  surrounding  the  estimates  of  toxicity  and 
exposure.  However,  several  general  conclusions  can  be  made  regarding  the  potential  for  adverse  ef¬ 
fects  to  ecological  resources  and  these  conclusions  are  summarized  below. 

Terrestrial  plants  were  selected  for  evaluation  based  on  their  potential  to  be  exposed  to  chemi¬ 
cals  in  surface  soil.  Comparison  of  detected  concentrations  to  literature-based  toxicity  values  suggests 
the  potential  for  aluminum,  chromium,  manganese,  selenium,  vanadium,  and  zinc  to  adversely  affect 
terrestrial  plants  at  most  sample  locations.  However,  concentrations  of  these  chemicals  detected  at  most 
locations  approximate  those  at  reference  sample  locations,  indicating  the  majority  of  detected  concen¬ 
trations  of  these  chemicals  are  reflective  of  regional  and  not  OU1-related  concentrations.  There  is  the 
potential  for  selenium,  zinc,  and  manganese  to  adversely  affect  terrestrial  plants  at  a  limited  number  of 
the  sampled  locations  in  OU1. 

The  toxicity  database  is  inadequate  for  the  evaluation  of  potential  adverse  effects  to  terrestrial 
plants  from  the  presence  of  organic  chemicals  or  iron  in  surface  soil.  Accordingly,  there  is  uncertainty 
associated  with  the  potential  for  these  chemicals  to  adversely  affect  terrestrial  plants. 

Soil-dwelling  invertebrates  may  be  exposed  to  chemicals  in  surface  soil  and  were  selected  for 
evaluation.  As  for  terrestrial  plants,  only  limited  applicable  toxicity  data  were  available  in  the  scientific 
literature  for  the  organic  COPCs  and  there  is  uncertainty  associated  with  the  lack  of  toxicity  information 
available  for  most  organic  COPCs.  The  results  of  the  comparison  of  detected  concentrations  to  avail¬ 
able  literature-based  toxicity  values  suggests  there  is  the  potential  for  chromium  and,  to  a  much  lesser 
extent,  mercury  and  zinc,  to  adversely  affect  terrestrial  plants.  However,  if  adverse  effects  are  occur¬ 
ring,  they  are  likely  to  be  localized  based  on  the  limited  number  of  literature-based  toxicity  value  ex¬ 
ceedances  and/or  the  presence  of  these  chemicals  at  concentrations  approximating  background  at  most 
sample  locations. 

Three  water  bodies  were  identified  for  analysis  in  the  OU1  ERA:  a  small  ephemeral  pond  imme¬ 
diately  to  the  southeast  of  Lake  Road,  a  drainage  ditch  downgradient  of  the  ephemeral  pond,  and  the 
Marumsco  Creek/Occoquan  Bay  area  adjacent  to  OU1.  The  results  of  the  sediment  analysis  suggest 
that  aquatic  life  will  not  be  adversely  affected  by  chemicals  in  the  sediments  of  the  ephemeral  pond. 
There  is  some  potential  for  chemicals  detected  in  the  sediments  of  the  wetland  area  (acenaphthene,  1- 
methylnaphthalene,  PCB-1260,  and  iron)  and  open  water  area  (acenaphthene,  2-methylnaphthalene, 
PCB-1260,  DDT/DDD/DDE,  iron,  copper,  manganese,  nickel,  silver,  and  zinc)  to  adversely  affect  aquatic 
life.  However,  the  potential  for  adverse  effects  to  benthic  organisms  is  a  function  of  both  the  area  im- 
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parted  by  the  contaminant  (characterized  by  the  frequency  of  detection)  and  the  levei  of  toxicity  value 
exceedance  at  the  locations  where  the  chemical  was  detected  at  elevated  concentrations.  Based  on 
these  parameters,  adverse  effects,  if  occurring  in  these  water  bodies,  are  likely  at  only  a  limited  number 
of  areas  given  the  low  frequency  of  occurrence  of  most  chemicals  combined  with  the  limited  exceedance 
of  literature-based  toxicity  values  at  most  sample  locations  where  chemicals  were  detected.  Further¬ 
more,  Marumsco  Creek  and  the  Occoquan  Bay  are  components  of  a  highly  urbanized  watershed,  and 
are  likeiy  to  receive  chemicals  from  a  variety  of  different  sources.  Therefore,  some  chemicals  present  in 
these  water  bodies  are  likely  to  be  originating  from  areas  other  than  OU1.  Although  the  origin  of  the 
chemical  does  not  affect  the  potential  for  adverse  effects,  it  may  affect  the  evaluation  of  remedial  alter¬ 
natives  and  should  be  considered  when  evaluating  these  options. 

The  results  of  the  surface  water  analysis  indicates  a  very  limited  potential  for  adverse  effects  to 
aquatic  life.  No  organic  chemicals  were  detected  in  any  of  the  surface  water  bodies  sampled.  Among 
the  inorganic  chemicals,  aluminum  was  detected  at  the  highest  concentrations  relative  to  federal  AWQC, 
exceeding  the  chronic  AWQC  in  all  three  of  the  sampled  water  bodies  and  exceeding  the  acute  AWQC 
in  the  wetland  and  open  water  areas.  Iron  was  also  detected  at  concentrations  exceeding  the  chronic 
AWQC  in  the  wetland  and  open  water  areas,  while  lead  was  detected  at  concentrations  exceeding  the 
available  literature-based  toxicity  value  in  the  open  water  area.  Although  these  results  do  indicate  the 
potential  for  adverse  effects,  it  should  be  noted  that  precipitation  events  occurred  for  several  days  prior 
to  and  during  the  collection  of  surface  water  samples,  and  field  notes  indicate  a  relativeiy  high  silt  con¬ 
tent  in  the  surface  water  sampies.  The  elevated  inorganic  concentrations  detected  in  surface  water  are 
likely  to  have  resulted  from  runoff  and  sediment  suspension  during  the  storm  event  and  are  unlikeiy  to  be 
representative  of  concentrations  during  lower  flow  conditions. 
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TABLE  4-1 

SUMMARY  OF  WATER  QUALITY  AND  WET  CHEMISTRY  PARAMETERS  IN  SURFACE  WATER  AND  SEDIMENT 

WOODBRIDGE  RESEARCH  FACILITY  -  OU1 


TABLE  4-2 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SURFACE  SOIL 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
(Concentrations  in  mq/kq) 


TABLE  4-2 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SURFACE  SOIL 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ (Concentrations  In  mg/kg) _ 
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pen  Water 

Semi-Volatile  Organics: 

PAHs: 

*  Acenaphthene  1  \  9  9  0.854  0.133  7.15  0.0160  Yes  0.668  -  0.919 

*  Anthracene  5\  9  9  0.0938  0.0070  0.0410  -0.552  0.0853  Yes  0.108-0.169 
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TABLE  4-4 

SUMMARY  OF  CHEMICALS  DETECTED  IN  SURFACE  WATER 
WOODBRIDGE  RESEARCH  FACILITY  -  OU1 
_ _  (Concentrations  in  ug/L)  _ 
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Table  4-5.  Potential  Exposure  Pathways  for  Ecological  Receptors  at  the  OU1  Area 
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Table  4-5.  Potential  Exposure  Pathways  for  Ecological  Receptors  at  the  OU1  Area  (Continued) 


Table  4-6.  Assessment  Endpoints  for  Ecological  Risk  Assessment  of  the  OU1  Area 
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TABLE  4-7 

COMPARISON  OF  MAXIMUM  SURFACE  SOIL  CONCENTRATIONS  TO  TERRESTRIAL  PLANT  TRVs  FOR 
CHEMICALS  OF  POTENTIAL  CONCERN  DETECTED  AT  OU1 


(Concentrations  In  mg/kg) 


Environmental  Effects  Quotient  (EEQ)  ® 

Chemical 

Maximum  Surface  Soil 
Concentration 

Terrestrial  Plant  TRV  * 

Ratio  of  Maximum  Detected  Surface  Soil 
Concentrations  of  Terrestrial  Plant  TRVs 

Inorganics:*^ 

B  Aluminum 

16,300 

50 

326 

B  Beryllium 

1.33 

10 

0.1 

B  Chromium 

96.7 

1 

96.7 

B  Copper 

20.7 

100 

0.2 

B  Iron 

37,300 

NA 

— 

B  Lead 

35,7 

50 

0.7 

B  Manganese 

1,450 

500 

2.9 

Mercury 

0.121 

0.3 

0.4 

B  Nickel 

12.0 

30 

0.4 

B  Selenium 

24.5 

1 

24.5 

B  Vanadium 

53.2 

2 

26.6 

B  Zinc 

301 

50 

6.0 

^  Values  from  Will  and  Suter  (1 994a). 

®  Ratios  greater  than  one  are  indicated  with  boldface  type. 

^  Organic  COPCs  are  not  Included  in  this  table  because  terrestrial  plant  TRVs  are  not  available  for  organic  compounds. 

B  =  The  concentration  for  this  inorganic  chemical  was  not  significantly  greater  than  the  reference  concentration,  but  the  maximum 
concentration  was  greater  than  the  Region  111  screening  level,  and  the  chemical  was  retained  as  a  COPC. 

NA  =  Insufficient  data  to  derive  a  TRV. 


TABLE  4-8 

COMPARISON  OF  MAXIMUM  SURFACE  SOIL  CONCENTRATIONS  TO  EARTHWORM 
TRVs  FOR  CHEMICALS  OF  POTENTIAL  CONCERN  AT  OU1 


(Concentrations  in  mg/kg] 

Environmental  Effects  Quotient  (EEQ)® 

Maximum  Surface 

Ratio  of  Maximum  Detected  Surface  Soil 

Chemical 

Soil  Concentration 

Earthworm  TRV* 

Concentrations  of  Earthworm  TRVs 

Organics:^ 

Fluorene 

0.755 

30 

<0.01 

Inorganics: 

B  Aluminum 

16,300 

NA 

... 

B  Beryllium 

1.33 

NA 

— 

B  Chromium 

96.7 

0.4 

242 

B  Copper 

20.7 

50 

0.4 

B  Iron 

37,300 

NA 

— 

B  Lead 

35.7 

600 

0.1 

B  Manganese 

1,460 

NA 

— 

Mercury 

0.121 

0.1 

1.2 

B  Nickel 

12.0 

200 

0.1 

B  Selenium 

24.5 

NA 

— 

B  Vanadium 

53.2 

NA 

— 

B  Zinc 

301 

200 

1.5 

^  TRV  from  the  method  of  Will  and  Suter  (1 994b). 

®  Ratios  greater  than  one  are  indicated  with  boldface  type. 

^  Organic  COPCs  for  which  there  was  insufficient  data  to  derive  a  TRV  are  not  included  in  this  table. 

B  =  The  concentration  for  this  inorganic  chemical  was  not  significantly  greater  than  the  reference  concentration,  but  the  maximum 
concentration  was  greater  than  the  Region  III  screening  level,  and  the  chemical  was  retained  as  a  COPC. 

NA  =  Insufficient  data  to  derive  a  TRV. 


TABLE  4-9 

COMPARISON  OF  MAXIMUM  DETECTED  CONCENTRATIONS  TO  SEDIMENT  TTIVs 


^  Ratios  greater  than  one  are  Indicated  with  boldface  type. 

®  Value  represents  lowest  effect  level  from  OMEE  (1993), 

^  Value  for  pyrene. 

°  Value  for  2-methylnaphthalene. 

^  Value  for  total  PCBs. 

B  =  The  concentration  for  this  inorganic  chemical  was  not  above  the  reference  concentration. 

ER-L  =  Effects  Range  -  Low.  Concentration  of  chemical  in  sediment  above  which  there  is  the  potential  for  adverse  effects  to  sensitive  benthic 
organism  life  stages  and/or  species. 

ER-M  =  Effects  Range-Median.  Concentration  of  chemical  in  sediment  above  which  there  is  the  potential  for  adverse  effects  to  most  benthic 
organisms. 

—  =  No  applicable  toxicity  values  available. 


TABLE  4-10 

COMPARISON  OF  MEAN  CONCENTRATIONS  TO  SURFACE  WATER  TRVs  FOR 
CHEMICALS  OF  POTENTIAL  CONCERN  DETECTED  IN  OU1 


Environmental  Effects  Quotient  (EEQ)® 

Arithmetic  Mean 

Surface  Water  TRVs^ 

Ratio  of  Arithmetic  Mean 

Surface  Water 

Surface  Water  Concentrations  to  TRVs 

Chemical 

Concentration 

Chronic 

Acute 

Chronic 

Acute 

Pond 

Inorganics; 

B  Aluminum 

547'^ 

87 

750 

6.3 

0.7 

B  Iron 

705*^ 

1,000 

NA 

0.7 

— 

Wetland 

Inorganics: 

Aluminum 

1,950 

87 

750 

22.4 

2.6 

Iron 

2,440 

1,000 

NA 

2.4 

— 

Open  Water" 
Inorganics: 

B  Aluminum 

2,040 

87 

750 

23.4 

2.7 

B  Chromium 

5.68 

11 

16 

0.5 

0.4 

Copper 

5.07 

10 

15 

0.5 

0.3 

B  Iron 

2,770 

1,000 

NA 

2.8 

— 

B  Lead 

3.32 

2.5 

63 

1.3 

<0.1 

Zinc 

24.8 

90 

99 

0.3 

0.3 

^  US  EPA  Ambient  Water  Quality  Criteria  (1992. 1996). 

®  Ratios  greater  than  one  are  indicated  with  boldface  type. 

^  Value  is  the  maximum  detected  concentration  because  only  one  sample  was  taken  and  a  mean  concentration  could  not  be  calculated. 
^  Hardness  dependent  TRVs  were  calculated  using  82  mg/L  as  CaC03. 

B  =  The  concentration  for  this  inorganic  chemical  was  not  above  the  reference  concentration, 

NA  =  No  applicable  toxicity  values  available. 

—  =  EEQ  could  not  be  calculated. 


S,g  APPUCABtE  OR  Re,EVANT  AND  APPROPRIATE  1 

Potential  ARARs  will  be  used  to  support  decisions  on  the  ultimate  selection  of  remedial  actions 
necessary  at  WRF  OU1 .  Although  WRF  is  not  an  NPL  site,  the  NCP  remedial  selection  process  is  being 
followed  as  a  model.  For  an  NPL  site,  the  identification  of  ARARs  would  be  achieved  by  examining  the 
body  of  federal,  state,  and  local  environmental  laws,  regulations,  and  standards.  The  identification  of 
ARARs  is  an  iterative  process  and  may  be  more  detailed  in  the  future.  The  final  determination  of  ARARs 
will  be  made  by  the  Army  after  public  review,  as  a  part  of  the  final  selection  of  the  remedial  action  and 
will  be  documented  in  the  decision  document.  Listed  below  are  the  three  elements  of  ARARs  and  the 
three  types  of  ARARs  (USEPA,  1988). 

5.1.1  Three  Elements  of  Applicable  or  Relevant  and  Appropriate  Requirements 

1.  Applicable  Requirements  are  those  clean-up  standards,  standards  of  control,  and  other 
substantive  environmental  protection  requirements,  criteria,  or  limitations  promulgated  under 
federal  or  state  law,  that  specifically  address  a  hazardous  substance,  pollutant,  contaminant, 
remedial  action,  location,  or  other  circumstance  at  a  CERCLA  site. 

2.  Relevant  and  Appropriate  Requirements  are  those  same  standards  mentioned  above  that, 
while  not  “applicable”  at  the  site,  address  problems  or  situations  sufficiently  similar  to  those 
encountered  at  the  site  that  their  use  is  well-suited  to  the  particular  site.  The  determination 
of  relevant  and  appropriate  is  a  two-step  process:  1)  determining  if  a  requirement  is  relevant 
and  2)  determining  if  a  requirement  is  appropriate.  A  requirement  that  is  judged  to  be  both 
relevant  and  appropriate  must  be  complied  with  to  the  same  degree  as  if  it  were  applicable. 

3.  To-Be-Considered  Requirements  (TBCs)  are  other  nonpromulgated  advisories  or  guidance 
issued  by  state  or  federal  governments  that  are  not  legally  binding  and  do  not  have  the 
status  of  ARARs.  TBC  requirements  are  evaluated  along  with  ARARs  in  determining  site  re¬ 
quirements.  They  complement  but  do  not  override  ARARs.  They  may  be  used  in  guiding 
decisions  for  clean-up  levels  or  methodologies  for  which  mandatory  standards  are  not  avail¬ 
able. 

5.1.2  Three  Types  of  Applicable  or  Relevant  and  Appropriate  Requirements 

1.  Chemical-specific:  health-  or  risk-based  numerical  values  limiting  the  amount  of  a  con¬ 
taminant  that  may  be  released  to,  or  allowed  to  remain  in,  the  environment  during  and  upon 
successful  completion  a  remedial  action.  These  include  Safe  Drinking  Water  Act  Maximum 
Contaminant  Levels  (MCLs). 

2.  Location-specific:  those  requirements  that  may  restrict  or  prohibit  remedial  action  because 
of  the  site's  location,  such  as  a  floodplain,  wetland,  or  historical  area. 

3.  Action-specific:  remedial  technology-  or  activity-based  requirements  that  may  include,  for 
example,  removal  actions.  National  Pollutant  Discharge  Elimination  System  (NPDES)  permit 
effluent  standards,  or  incinerator  destruction  standards. 

5.2  WOODBRIDGE  RESEARCH  FACILITY  OPERABLE  UNIT  ONE  APPLICABLE  OR  RELEVANT 

AND  APPROPRIATE  REQUIREMENTS 

The  federal  ARARs  presented  in  Section  5.1  were  analyzed  together  with  state  and  local  ARARs 
to  determine  which  need  to  be  attained  at  WRF  OU1.  Preliminary  determinations  are  discussed  below 
and  are  summarized  in  Table  5-1 . 

5.2.1  Chemical-Specific  Applicable  or  Relevant  and  Appropriate  Requirements 

5.2. 1. 1  Groundwater  Applicable  or  Relevant  and  Appropriate  Requirements 

The  chemical-specific  groundwater  ARARs  for  this  project  are  the  MCLs.  The  MCLs  are  used  as 
water  quality  standards  for  the  protection  human  health  from  the  consumption  of  groundwater  that  is/or 
may  be  used  as  a  drinking  water  source. 
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Section  5.0 

Applicable  or  Relevant  and  Appropriate  Requirements 


5.2. 1.2  Sediment  Applicable  or  Relevant  and  Appropriate  Requirements 

Elevated  levels  of  inorganic  and  organic  compounds  have  been  detected  in  the  sediment  at 
OU1  There  is  a  limited  potential  for  adverse  affects  to  occur  from  exposure  to  these  compounds  for 
ecological  receptore.  The  sediment  TBC  guidance  is  the  USEPA  Region  III,  STAG  clean-up  standard  for 
PCBs  in  sediment  of  1 .0  ppm  to  be  protective  of  ecological  receptors. 

5.2. 1.3  Subsurfyce  Soil  Applicable  or  Relevant  and  Appropriate  Requirements 

Elevated  levels  of  PCBs  have  been  detected  in  subsurface  soil  at  AREE  1  at  concentrations 
greater  than  50  ppm.  TSCA  and  the  Virginia  Hazardous  Waste  Management  Reguiations  (VHWMR) 
mandate  the  removai  and  disposal  of  PCB  contaminated  soils  above  this  level.  Therefore,  this  must  be 
considered  as  an  ARAR  for  the  site,  in  addition,  TSCA  40  CFR  761 .125  has  set  the  standard  for  clean¬ 
up  in  soils  that  may  remain  at  a  site  at  10.0  ppm  PCB.  This  standard  will  be  used  as  the  lower  limit  for  a 
clean-up  standard  for  the  soils  at  OU1.  In  addition,  the  Virginia  Solid  Waste  Management  Regulations 
(VSWMR)  have  established  criteria  to  determine  areas  that  may  be  ciassified  as  open  dumps  and  regu¬ 
lated  under  these  regulations.  This  regulation  also  sets  requirements  for  clean-up  and  corrective  actions 
for  open  dumps.  Therefore,  this  regulation  is  an  ARAR  for  the  site. 

5.2. 1.4  Surface  Water  Applicable  or  Relevant  and  Appropriate  Requirements 

The  migration  of  elevated  concentrations  of  inorganic  and  organic  compounds  from  storrn  water 
run  off  and/or  migration  via  groundwater  discharge  may  affect  surface  water  quality  in  the  vicinity  of 
OU1 .  Therefore,  the  AWQCs  are  the  ARARs  for  surface  water. 

5.2.2  Location-Specific  Applicable  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  set  restrictions  on  remedial  action  activities  depending  on  the  charac¬ 
teristics  of  a  site  or  its  immediate  environs.  For  example,  in  compliance  with  the  VSWMRs,  debris  pres¬ 
ent  in  wetland  areas  must  be  removed  to  protect  ecological  receptors.  The  location-specific  ARARs  that 
may  be  considered  depending  on  the  remediai  action  taken  at  OLI1  are  listed  in  Table  5-1. 

5.2.2. 1  Cultural  and  Historical  Considerations 

Preliminary  investigation  has  indicated  that  no  culturai  or  historic  points  are  in  the  area  poten¬ 
tially  affected  by  a  remedial  action  at  OU1.  if  a  remedial  action  is  selected,  consultation  with  the  State 
Historic  Preservation  Office  wiii  occur  (in  compliance  with  36  CFR  Part  800). 

5.2.2.2  Rare,  Threatened  or  Endangered  Species 

The  existence  of  only  one  endangered  species  (bald  eagle  [Haliaeetus  leucocephalus]),  has  been 
confirmed  at  WRF.  No  known  bald  eagle  nests  occur  at  WRF,  though  a  communal  bald  eagle  roost  is 
present  on  Mason  Neck,  located  to  the  east  of  the  facility.  Eagles  are  known  to  frequently  travel  between 
Mason  Neck  and  WRF.  If  a  remedial  action  is  selected  and  implemented,  any  work  performed  that  may 
impact  the  activities  of  the  bald  eagle  will  be  coordinated  with  the  USFWS. 

If  a  remedial  action  alternative  that  requires  site  modifications  is  selected,  regulations  promul¬ 
gated  under  the  Endangered  Species  Act  of  1973,  Bald  and  Golden  Eagle  Protection  Act  of  1940,  the 
Migratory  Bird  Treaty  Act  of  1918,  and  the  regulations  for  the  protection  of  threatened  and  endangered 
species  with  the  Virginia  Code,  Section  29.563,  may  be  ARARs. 

5.2.3  Action-Specific  Applicable  or  Relevant  and  Appropriate  Requirements 

Action-specific  ARARs  for  this  project  are  limited  to  alternatives  involving  engineered  actions  on¬ 
site,  and  any  activities  conducted  off  site.  This  would  Include  such  things  as  proper  management  and 
transportation  of  hazardous  wastes,  and  proper  health  and  safety  assurances  during  site  construction. 
Since  PCBs  have  been  detected  that  exceed  the  land  ban  restrictions,  those  soils  may  be  removed  and 
disposed  off  site.  Therefore,  the  VHWMR  would  be  ARARs. 
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Bald  and  Golden  Eagle  Relevant  and  This  law  requires  that  action  be  taken  to  conserve  the  endangered  bald  and  golden 

Protection  Act  (1 6  DSC  668  Appropriate  eagles.  In  addition,  actions  must  not  destroy  or  adversely  modify  critical  habitat, 

et  seq)  Consultation  with  the  Department  of  the  Interior  will  be  established  to  ascertain  that 

proposed  actions  will  not  affect  any  critical  habitat. 
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Virginia  Wetiand  Regulations  the  Virginia  Wetlands  Act  and  regulations  as  applicable.  Since  remedial  activities  will 

(Virginia  Code  Section  62.1-  be  conducted  in  and  near  tidal  wetlands  at  OU1 ,  these  regulations  must  be  complied 

13.1  et8ea./VR  450-01-0051/  with. 

4  VAC  20-390-10  et  seq.1 
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peVEt.OPWENTOFRgMEraAt,ACTtOfttAt,TEf^ATtVg5  I 

6.1  INTRODUCTION 

Potential  remedial  action  alternatives  for  WRF  OU1  are  developed  in  this  section.  Once 
deveioped,  they  are  screened  in  Section  7.0,  and  those  not  eliminated  wiii  undergo  a  detailed  analysis  in 
Section  8.0.  This  three-staged  process  constitutes  the  FFS  for  OU1  at  WRF.  WRF  is  not  an  NPL  site; 
however,  the  remedy  selection  process  used  for  CERCLA  sites  will  be  used  here  as  a  model.  The 
three-stage  CERCLA  evaluation  process  for  remedy  selection  is  outlined  in  the  NCP,  Subpart 
E-Hazardous  Substance  Response  (40  CFR  300.430e).  Additional  guidance  used  in  this  FFS  was 
obtained  from  “Guidance  for  Conducting  Remedial  Investigations  and  Feasibility  Studies  Under 
CERCLA"  (USEPA,  1988). 

The  objective  of  the  FFS  is  to  ensure  that  appropriate  remedial  action  alternatives  are  developed 
and  evaluated  so  that  relevant  information  concerning  remedial  action  options  can  be  presented,  and  an 
appropriate  remedy  selected  in  the  future.  Alternatives  developed  in  this  section  consider  the  protection 
of  human  health  and  the  environment  by  eliminating,  reducing,  and/or  controlling  risks  posed  through 
each  exposure  pathway  present  at  the  site.  This  development  of  alternatives  has  been  fully  integrated 
with  the  site  and  risk  characterization  activities  described  in  Sections  2  through  4  of  this  report.  This 
development  of  alternatives  is  accomplished  in  this  section  by  the  completion  of  the  following  four  tasks; 

1 .  Remedial  action  objectives  (RAOs)  are  established  based  on;  a)  risk-based  clean-up  objectives 
defined  in  the  human  health  risk  assessment  (Section  3.0);  b)  risk-based  clean-up  objectives 
defined  in  the  ecological  risk  assessment  (Section  4.0);  and  c)  ARARs  (Section  5.0). 

2.  General  response  actions  to  meet  these  RAOs  are  established. 

3.  Within  each  general  response  action,  potentially  suitable  remedial  technologies,  including 
innovative  technologies,  are  identified  and  evaluated  for  their  viability  to  the  site. 

4.  Viable  technologies  are  combined  into  remedial  alternatives. 

6.2  REMEDIAL  ACTION  OBJECTIVES 

Non-numerical  RAOs  are  established  based  on  specific  contaminants  and  media  of  concern, 
potential  exposure  pathways,  and  remediation  goals.  Numerical  preliminary  remediation  goals  (PRGs) 
are  developed  based  on  current  information,  then  may  be  modified,  as  more  information  becomes 
available.  Final  remediation  goals  will  be  set  later,  when  the  remedy  is  selected.  Remediation  goals  will 
establish  acceptable  exposure  levels  that  are  protective  of  human  heaith  and  the  environment  and  wiii 
consider  ARARs  and  risk  assessment  results.  Media  specific  RAOs  are  presented  below.  For  all  media, 
a  fundamental  RAO  is  that  the  remedy  needs  to  be  compatible  with  the  scheduled  future  use  of  the  site 
as  a  wildlife  refuge  managed  by  the  USFWS. 

6.2.1  Soils 

RAOs  for  soils  were  presented  by  VADEQ  (Grimes,  1997)  and  acknowledged  by  the  U.S.  Army 
(Craig,  1997)  at  a  meeting  conducted  in  February  1997.  VADEQ’s  primary  concern  is  that  WRF  OU1 
contains  seven  former  open  dumps.  Where  soil  contaminants  exist,  VADEQ  has  two  primary  concerns 
which  are  translated  into  RAOs:  1)  storm  water  run-off  may  transport  contaminants  to  open  water  bodies 
adjacent  to  OU1,  and  2)  percolation  may  leach  soil  contaminants  to  groundwater.  Remedies,  according 
to  Virginia  regulations  (9  VAC  20-80-170  through  230),  are  limited  to  two  options:  removal  (a.k.a.,  clean 
closure)  or  close  in  place  (a.k.a.  cover). 

Removal:  Remove  surface  and  subsurface  debris.  The  PRG  for  PCB-contaminated  soils  has 
been  set  at  10  ppm  (Refer  to  Section  5.0). 

Cover  Remove  surface  debris.  Install  an  18  inch  low  permeable  soil  cover  with  six  inches  of 
vegetated  topsoil  On  top  of  the  soil.  The  area  to  be  covered  will  be  determined  using  surface 
geophysical  surveys  to  delineate  the  extent  of  buried  debris. 

The  effectiveness  of  the  remedy  needs  to  be  demonstrated  by  monitoring  over  four  quarters  for 
removal,  or  over  15  years  (at  a  minimum)  for  cover. 
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6.2.2  Sediments 

RAOs  for  sediments  were  presented  by  USEPA,  VADEQ  (Grimes,  1997)  and  acknowledged  by 
the  U.S.  Army  (Craig,  1997)  at  a  meeting  conducted  in  February  1997.  VADEQ’s  primary  RAO  is  that 
wetlands  are  considered  state  waters,  and  therefore  all  waste  in  wetlands  needs  to  be  removed;  cover  is 
not  an  option.  Sediments  in  the  site  wetlands  for  OU1  are  included  in  this  category.  In  addition  to  the 
removal  of  wastes,  the  PRG  for  PCBs  has  been  set  at  1 .0  ppm. 

6.2.3  Surface  Water 

According  to  previous  remedial  investigations,  surface  water  contaminants  can  be  derived  from 
the  runoff  from  contaminated  soils.  Once  soil  contaminants  have  been  removed  and/or  contained, 
existing  surface  water  and  sediment  contaminant  concentrations  will  no  longer  increase,  and  will  likely 
decrease  through  natural  attenuation,  primarily  dilution.  Therefore,  by  achieving  the  soils  RAOs  (Section 
6.2.1),  potential  contamination  associated  with  surface  water  will  be  addressed.  Risk  assessment 
conclusions  supporting  these  RAOs  include  the  following: 

•  As  described  in  Section  4.4.4.2,  no  organic  COPCs  were  found  in  the  surface  water  sampled 
from  the  ephemeral  pond,  wetlands,  or  open  water.  Inorganic  COPCs  were  identified. 
However,  because  precipitation  events  occurred  several  days  prior  to  and  during  the 
collection  of  surface  water  samples,  and  because  field  notes  indicate  high  silt  content  in  the 
samples,  the  risk  assessment  concluded  that  the  "...results  suggest  elevated  inorganic 
concentrations  may  have  resulted  from  runoff  and  sediment  suspension  during  the  storm 
event  and  may  not  be  representative  of  concentrations  during  lower  flow  conditions." 

6.2.4  Groundwater 

According  to  VADEQ  (Grimes,  1996),  the  Initial  Site  Evaluation  (ISE)  determinations  indicate 
that  all  AREEs  in  OU1  will  require  closure  and  post-closure  care  in  order  to  comply  with  the  VSWMRS. 

Groundwater  (in  limited  areas)  contains  hazardous  constituents  which  may  be  migrating  off  site 
into  local  surface  water.  Future  groundwater  contamination  may  be  eliminated  through  the 
implementation  of  the  soil  RAOs  (Section  6.2.1).  RAOs  related  to  VADEQ’s  request  (Grimes,  1996)  for 
the  restriction  of  intrusive  activities  (including  installation  of  water  wells)  can  be  realized  through  the 
implementation  of  various  institutional  controls. 

6.3  GENERAL  RESPONSE  ACTIONS 

Seven  general  response  actions  have  been  identified  by  themselves  or  in  combination,  to  satisfy 
the  remedial  action  objectives  for  the  WRF.  They  are  described  below: 

1 .  No  Action  is  a  response  action  in  which  no  activities  would  be  initiated  or  continued  at  the  site. 
The  NCP  requires  this  evaluation  because  it  provides  a  baseline  from  which  to  compare  the 
other  developed  alternatives. 

2.  Institutional  Controls  are  response  actions  that  reduce  the  exposure  of  humans  and  the 
environment  to  contaminants  of  concern  through  the  use  of  such  actions  as  access  restrictions, 
provision  of  alternate  water  supplies,  biota  management,  groundwater  use  restrictions,  and/or 
monitoring  of  environmental  media.  These  actions  do  not  reduce  the  toxicity,  mobility,  or 
volume  (mass)  of  hazardous  material.  However,  institutional  controls  may  be  sufficient  at  sites 
where  human  health  and  the  environment  are  shown  to  be  adequately  protected. 

3.  Containment  is  a  response  action  used  to  prevent  or  minimize  migration  of  contamination  out  of 
existing  source  areas.  Containment  actions  reduce  the  mobility  of  contaminants  of  concern 
through  the  implementation  of  physical  barriers. 

4.  Removal  of  Soils  is  a  response  action  used  to  remove  contaminated  soils  from  the  site.  The 
removal  of  contaminated  soils  reduces  the  mass  of  contaminants  that  may  migrate  to  the 
groundwater  or  surface  water. 
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5.  In  Situ  Treatment  of  Soils  are  response  actions  used  to  treat  contaminated  soils  in  place  and 
achieve  a  reduction  in  the  volume  or  mobility  of  contaminants.  In-situ  treatment  may  be 
accomplished  through  engineered  actions,  or  intrinsically  through  natural  attenuation. 

6.  Ex  Situ  Treatment  of  Soils  are  response  actions  to  treat  contaminated  soils  which  have  been 
excavated.  Treatment  may  be  accompanied  with  placement  of  treated  soils  on  site  or  off  site. 

7.  Disposal  is  a  response  action  for  final  deposition  of  removed  contaminated  soils. 

6.4  IDENTIFICATION  AND  EVALUATION  OF  TECHNOLOGIES 

The  objective  of  this  section  is  to  identify  and  evaluate  available  technologies  and  process 
options  which  represent  the  general  response  actions  listed  in  Section  6.3.  This  objective  will  be 
accomplished  using  a  variety  of  information  sources  including  previous  investigations,  remedial  actions 
at  other  sites,  references  developed  by  USEPA,  and  standard  engineering  references.  Technologies  are 
initially  evaluated  in  Table  6-1 ,  which  contains  the  following  five  columns: 

1 .  Column  1  lists  the  seven  general  response  actions  identified  above  in  Section  6.3. 

2.  Column  2  lists  potential  remedial  technologies  that  may  be  included  within  that  general 
response  action.  For  example,  the  general  response  action  “institutional  controls”  includes 
five  potential  remedial  technologies  ranging  from  “access  restrictions”  to  “monitoring.” 

3.  Column  3  lists  representative  process  options  included  under  each  technology.  For 
example,  the  technology  “access  restrictions”  includes  three  process  options  ranging  from 
“fencing”  to  “deed  restrictions”. 

4.  Column  4  provides  a  brief  description  of  each  of  the  representative  process  options. 

5.  Column  5  provides  a  preliminary  screening  of  each  representative  process  option  based  on 
whether  it  is  technically  Implementable,  practical,  and  applicable.  The  three  types  of 
preliminary  screening  results  are  presented  below: 

•  Potentially  viable.  The  process  option  is  technically  implementable  and  practical  and  is 
therefore  retained  for  further  consideration. 

•  Not  viable.  The  process  option  is  technically  implementable  but  impractical  and  is 
therefore  eliminated  from  further  consideration. 

•  Not  applicable.  The  process  option  is  not  technically  implementable  at  the  site  and  is 
therefore  eliminated  from  further  consideration. 

The  screening  is  then  summarized  in  Section  6.4.2.  Technologies  which  pass  this  screening  are 
assembled  into  remedial  alternatives  in  Section  6.5  and  Table  6-2. 

6.4.1  Technology  Descriptions  and  Evaluations 

As  a  complement  to  the  screening  conducted  in  Table  6-1,  the  following  sections  provide  a 
narrative  evaluation  of  the  seven  general  response  actions,  and  their  respective  remedial  technologies 
and  process  options. 

6.4.2  No  Action 

No  Action  is  retained  to  serve  as  a  baseline  for  the  comparison  of  alternatives. 

6.4.3  Institutional  Controls 

Institutional  controls  are  legal  or  barrier  restrictions  on  the  use  of  land  or  water  imposed  at  a  site 
intended  to  reduce  the  dangers  to  the  public  from  releases  or  threatened  releases  of  environmental 
contaminants.  Institutional  controls  may  be  used  in  conjunction  with  engineered  remedial  actions,  or  as 
the  sole  remedy  when  active  measures  are  determined  not  to  be  practicable,  based  on  balancing  of 
tradeoffs  during  remedy  selection,  institutional  controls  include  such  things  as  access  restrictions, 
alternate  water  supplies,  biota  management,  groundwater  use  restrictions,  and  monitoring. 
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6.4.3.1  Access  Restrictions 

Access  restrictions  include  such  things  as  fencing,  posting  signs,  and  deed  restrictions. 

•  Fencing  is  designed  to  restrict  human  and  animal  access  to  designated  areas.  This  option  is 
retained  for  further  evaluation.  It  is  currently  used  at  the  site,  and  can  also  be  used  in  the 
future. 

•  Posting  signs  warns  both  trespassers  and  permitted  persons  about  site  hazards.  This  option 
is  retained  for  further  evaluation. 

•  It  is  anticipated  that  the  USFWS  will  take  possession  of  this  site  from  the  US  Army.  Site 
access  restrictions  will  be  detailed  in  the  “Letter  of  Transfer”  that  will  be  prepared  by  the 
Army  and  signed  by  the  Department  of  Defense  and  the  Department  of  the  Interior.  This 
“Letter  of  Transfer  will  be  recorded  at  the  local  Registrar  of  Deeds  office  to  insure  that  the 
institutional  controls  are  maintained  for  perpetuity.  This  option  is  retained  for  further 
evaluation. 

6.4.3.2  Aitemate  Water  Supplies 

The  use  of  an  aitemate  water  supply  would  be  necessary  where  existing  water  sources  are 
contaminated.  Because  a  potable  water  supply  is  available  to  the  site,  the  use  of  an  aitemate  water 
supply  is  not  applicable,  and  is  eliminated  from  further  consideration. 

6.4.3.3  Biota  Management 

Biota  management  is  an  option  which  seeks  to  prevent  a  non-human  receptor  from  contacting 
contaminants  through  such  things  as  selective  elimination,  relocation,  or  enclosure.  Such  actions  are 
incompatible  with  expected  future  land  use  activities  (i.e.,  a  wildlife  refuge),  and  will  therefore  not  be 
considered  in  the  detailed  analysis. 

6.4.3.4  Groundwater  Use  Restrictions 

Groundwater  use  restrictions  are  legal  and  site  management  barriers  to  the  use  of  groundwater. 
These  restrictions  normally  are  enacted  to  prevent  the  installation  of  groundwater  supply  wells  and/or  to 
prevent  the  use  of  groundwater  for  human  consumption.  These  actions  are  applicable  to  the  site,  and 
will  be  retained  for  further  consideration. 

6.4.3. 5  Environmental  Monitoring 

Monitoring  programs,  including  periodic  sampling  of  soil,  sediment,  storm  water  run-off,  and 
groundwater  would  allow  for  the  evaluation  of  site  conditions  over  time,  and  are  therefore  retained. 
Surface  water,  sediment,  soil,  groundwater,  and  storm  water  run-off  data  have  previously  been  collected 
as  part  of  the  Rl  and  risk  assessment.  Historical  data  will  be  compared  to  future  data  to  monitor  site 
conditions  and  the  attainment  of  RAOs. 

6.4.4  Containment 

Containment  technologies  are  physical  barriers  placed  around  contaminated  areas  intended  to 
reduce  contaminant  mobility.  These  barriers  isolate  the  affected  area,  reduce  exposure  to  humans  and 
non-humans,  and  minimize  transport  of  contaminants.  While  the  integrity  of  the  barrier  remains  intact, 
these  types  of  controls  can  be  effective.  Four  types  of  barriers  are  evaluated  for  this  study:  surface, 
vertical,  horizontal  subsurface,  and  coastal  erosion  control  barriers. 

6.4.4.1  Surface  Barriers 

Surface  barriers  limit  direct  contact  to  soil  contaminants  by  establishing  a  physical  barrier 
between  the  contamination  and  human  and  non-human  receptors.  In  addition,  they  minimize  the 
infiltration  of  precipitation  into  underlying  contaminated  soil,  and  thereby  minimize  contaminant  leaching 
and  migration  to  surface  water  and  groundwater.  Three  types  of  surface  barriers  are  considered: 

1 .  Clay/soil  covers  are  constructed  of  a  single  barrier  of  clean  soil  and/or  clay,  compacted,  then 
covered  with  a  vegetative  layer.  This  process  option  is  retained  for  further  analysis. 
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2.  Resource  Conservation  and  Recovery  Act  (RCRA)  caps  consist  of  a  vegetative/topsoil  surface 
layer,  on  top  of  a  drainage  layer,  on  top  of  a  synthetic  geomembrane  underlain  by  a  layer  of 
compacted  clay,  and  a  layer  of  soil.  This  cap  is  both  more  effective  and  costly  than  a  clay/soil 
cap:  however  the  limited  contamination  at  the  site  would  not  warrant  the  selection  of  this  process 
option  over  the  clay  and  soil  cap  option,  and  is  therefore  screened  out  of  further  consideration. 

3.  Asphalt  or  concrete  caps  consist  of  the  construction  of  a  cap  using  asphalt  or  concrete.  The  cost 
and  effectiveness  of  these  caps  is  not  an  issue  at  WRF.  Any  cap  to  be  installed  at  WRF  must  be 
compatible  with  the  natural  surroundings.  Because  this  would  be  unsightly  and  cause  loss  of 
habitat,  this  process  option  is  screened  out  of  further  consideration. 

6.4.4.2  Vertical  Subsurface  Barriers 

Vertical  barriers  are  a  group  of  technologies  which,  when  properly  constructed,  could  minimize 
the  horizontal  migration  of  groundwater  contamination  and  soil  gas.  Soil  gas  is  not  an  issue  at  WRF. 
Vertical  barriers  are  a  viable  technology  at  WRF  to  inhibit  groundwater  movement.  However,  the  RAO  is 
not  to  prevent  the  limited  existing  groundwater  contamination  from  migrating;  rather,  it  is  to  limit  future 
migration  of  contaminants  from  the  soil  into  the  groundwater  and  surface  water.  Vertical  barriers  are  not 
applicable  to  this  goal. 

6.4.4.3  Horizontal  Subsurface  Barriers 

Horizontal  subsurface  barriers  are  constructed  at  depth,  as  a  "subsurface  floor",  to  prevent 
contamination  from  moving  deeper.  These  technologies  at  WRF  are  viable.  However,  because 
groundwater  is  so  shallow  at  WRF,  a  surface  barrier  would  be  more  cost  effective  than  a  subsurface 
barrier.  Horizontal  subsurface  barriers  are  therefore  screened  out  of  further  consideration. 

6.4.4.4  Coastal  Erosion  Control 

Coastal  erosion  controls  are  a  group  of  technologies  used  to  prevent  the  destruction  of 
shorelines  from  being  degraded  by  erosional  forces.  These  forces  include  flooding,  wakes  created  by 
water  craft,  and  a-typical  high  tides.  Two  common  forms  of  coastal  erosion  controls  are  seawalls  and  rip¬ 
rap.  Seawalls  are  engineered  continuous  vertical  barriers  constructed  from  wood,  steel,  or  concrete. 
Rip-rap  is  the  placement  of  stones,  concrete  rubble,  or  similar  material.  The  purpose  of  rip-rap  is  to 
dissipate  the  kinetic  energy  in  the  moving  water  to  prevent  sedimentation  of  the  existing  soils  which 
makeup  the  shoreline.  Because  of  lesser  cost,  ease  of  installation,  and  lower  maintenance 
requirements,  rip-rap  will  be  considered  over  construction  of  a  seawall.  Rip-rap  will  be  retained  for 
further  screening. 

6.4.5  Removal  of  Soils 

The  remedial  investigation  at  the  WRF  found  isolated  contamination  in  soil  and  sediment.  The 
remedial  technology  of  soil  excavation  is  viable  at  WRF  within  this  technology,  the  only  viable  process 
option  was  excavation  with  a  backhoe,  which  will  be  retained  for  further  screening. 

6.4.6  In-Situ  Treatment  of  Soils 

Because  AREEs  1  through  6B  were  disposal  areas  which  may  contain  metallic  debris,  the  extent 
of  the  disposal  area  will  be  defined  in  the  field  using  surface  geophysics.  Located  debris  will  either  be 
excavated  and  removed  and/or  covered  in  place  in  accordance  with  VADEQ  Open  Dump  regulations. 
Engineered  in  situ  treatment  is  therefore  not  an  option.  Non-engineered  intrinsic  bioremediation  is  a 
viable  process  option  which  is  retained  for  further  evaluation. 

6.4.7  Ex-Situ  Treatment  of  Soils 

The  WRF  Rl  found  isolated  contamination  in  soil  and  sediment.  This  contamination  could  be 
located  and  excavated.  However,  because  the  excavated  soil  would  also  contain  debris  from  historical 
dumping  activities,  treatment  of  excavated  soil  would  be  difficult.  Treatment  technologies  normally 
involve  mixing  or  treating  the  soil/debris  in  a  vessel.  Successfully  constructing  and  operating  such  an 
on-site  system  would  likely  be  cost  prohibitive.  Also,  operation  would  likely  be  unreliable  due  to  the 
unknown  amount  and  types  of  debris  which  would  be  excavated,  and  the  problems  it  may  cause  to  the 
on-site  system.  Ex  situ  treatment  of  soil  is  therefore  screened  out  of  further  consideration. 
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6.4.8  Disposal 

The  Rl  at  the  WRF  found  isolated  contamination  in  soil  and  sediment.  This  contamination  could 
be  located  and  excavated.  Once  excavated,  bulk  volumes  of  the  material  could  be  characterized  for 
off-site  disposal.  Disposal  of  soil  and  sediment  is  retained  for  further  evaluation. 

6.5  DEVELOPMENT  OF  ALTERNATIVES 

Remedial  action  alternatives  are  developed  from  the  process  options  that  passed  the  screening 
completed  in  Section  6.4.  The  alternatives  are  outlined  in  Table  6-2  and  described  below.  They  are 
formally  defined  in  Section  7.0.  The  No  Action  alternative  is  defined  by  a  single  general  response  action. 
All  other  alternatives  are  defined  by  a  combination  of  general  response  actions,  remedial  technologies, 
and  process  options. 

•  Alternative  1  is  defined  as  No  Action,  which  the  NCP  requires  to  be  included  to  establish 
baseline  conditions  against  which  other  remedial  action  alternatives  may  be  compared.  The 
No  Action  alternative  excludes  all  activities,  including  institutional  controls. 

•  Alternative  2  is  defined  as  Institutional  Controls,  which  includes  site  access  restrictions, 
groundwater  use  restrictions,  and  environmental  monitoring. 

•  Alternative  3  is  defined  as  Natural  Attenuation,  which  includes  Alternative  2,  plus  monitoring 
and  modeling  activities  which  demonstrate  intrinsic  remediation. 

•  Alternative  4  is  defined  as  Containment  through  Surface  Cover,  which  includes  Alternative  2, 
plus  the  installation  of  a  soil/clay  cover  on  top  of  each  AREE  designed  to  contain 
contaminants.  It  also  includes  excavation  and  disposal  of  the  PCB-contaminated  soils  in 
selected  AREEs. 

•  Alternative  5  is  defined  as  Removal  and  Disposal,  which  includes  Alternative  2,  plus  the 
excavation,  removal,  and  off-site  disposal  of  contaminated  soils. 

•  Alternative  6  is  defined  as  AREE-Soecific  Remedial  Actions,  which  includes  Alternative  2, 
plus  installation  of  covers  and/or  excavation  of  AREEs. 
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Preliminary  Screening  of  Technologies 
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Table  6-2 

Development  of  Remedial  Action  Alternatives 


.  General  Response 
Action 
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^=55=: 
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7.0  ^CREENjltfQ0FR£WEI»ALACTt0ftrALTgRNATtVE3  ~1 

Six  remedial  action  alternatives  were  developed  in  Section  6.0  and  will  undergo  a  preliminary 
screening  in  this  section.  Those  alternatives  passing  this  screening  will  then  undergo  a  detailed  analysis 
in  Section  8.0.  As  appropriate,  and  to  the  extent  that  sufficient  information  is  available,  the  short-  and 
long-term  aspects  of  the  following  three  criteria  have  been  used  to  guide  this  screening,  as  defined  by 
the  NCP  (40  CFR  300.430(e)(7)): 

•  Effectiveness:  This  criterion  focuses  on  the  degree  to  which  an  alternative  reduces  toxicity, 
mobility,  or  volume  through  treatment;  minimizes  residual  risks  and  affords  long-term  pro¬ 
tection;  complies  with  ARARs;  minimizes  short-term  impacts;  and  how  quickly  it  achieves 
protection.  Alternatives  providing  significantly  less  effectiveness  than  other  more  promising 
alternatives  may  be  eliminated.  Alternatives  that  do  not  provide  adequate  protection  of  hu¬ 
man  health  and  the  environment  will  be  eliminated  from  further  consideration. 

•  Implementabiiity:  This  criterion  focuses  on  the  technical  feasibility  and  availability  of  the 
technologies  that  each  alternative  would  employ  and  the  administrative  feasibility  of  imple¬ 
menting  the  alternative.  Alternatives  that  are  not  technically  or  administratively  feasible  or 
that  would  require  equipment,  specialists,  or  facilities  that  are  not  available  within  a  reason¬ 
able  period  of  time  may  be  eliminated  from  further  consideration. 

•  Cost:  The  costs  of  construction  and  any  long-term  costs  to  operate  and  maintain  the  alter¬ 
natives  will  be  considered.  Costs  that  are  grossly  excessive  compared  to  the  overall  effec¬ 
tiveness  of  alternatives  may  be  considered  as  one  of  several  factors  used  to  eliminate  alter¬ 
natives.  Alternatives  providing  effectiveness  and  implementabiiity  similar  to  that  of  another 
alternative  by  employing  a  similar  method  of  treatment  or  engineering  control,  but  at  greater 
cost,  may  be  eliminated. 

7.1  ALTERNATIVE  1:  NO  ACTION 

7.1.1  Description 

Under  the  No  Action  Alternative,  no  remedial  action  is  undertaken  to  remedy  the  contamination 
at  the  site.  The  No  Action  Alternative  excludes  all  activities,  including  institutional  controls  such  as 
monitoring  and  restrictions  on  groundwater  use. 

7.1.2  Effectiveness 

With  no  treatment  undertaken,  the  No  Action  Alternative  does  not  reduce  contaminant  toxicity, 
mobility,  or  volume  “through  treatment.”  No  treatment-related  residuals  are  generated,  all  existing  waste 
is  left  untreated,  and  the  magnitude  of  risk  posed  by  the  site  goes  unchanged  from  what  is  described  in 
the  risk  assessments  (Sections  3.0  and  4.0).  No  actions  or  controls  are  initiated  to  manage  this  risk,  and 
therefore  this  alternative  affords  no  long-term  protection  of  human  health  and  the  environment.  ARARs 
not  complied  with  include:  MCLs  for  groundwater,  AWQCs  for  surface  water,  VADEQ  Open  Dump  Clo¬ 
sure  Requirements,  and  TSCA  PCB  concentrations  in  soils.  With  no  actions  taken,  no  short-term  im¬ 
pacts  are  caused. 

7.1.3  Implementabiiity 

The  technical  feasibility  of  implementing  No  Action  Alternative  is  considered  high,  because  it 
does  not  require  any  activities  to  be  either  initiated  or  continued  (with  the  exception  of  a  site  evaluation 
report  that  must  be  submitted  to  USEPA  whenever  wastes  are  left  in  place  at  a  site).  The  administrative 
feasibility  of  implementing  this  alternative  is  considered  low,  because  it  provides  no  increased  protection. 

7.1.4  Cost 

The  No  Action  Alternative  has  no  capital  costs  associated  with  it,  since  it  does  not  require  any 
activities  to  be  initiated.  Because  contaminants  are  left  in  place,  a  site  evaluation  report  must  be  sub¬ 
mitted  every  5  years.  The  estimated  cost  of  this  report  is  $30,000,  or  approximately  $6,000/year. 
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7.2  ALTERNATIVE  2:  INSTITUTIONAL  CONTROLS 

7.2.1  Description 

Institutional  controls  are  legal  or  barrier  restrictions  on  the  use  of  land  or  water  imposed  at  an 
environmentaiiy  contaminated  site  that  are  designed  to  reduce  the  dangers  from  releases  or  threatened 
releases  of  environmental  contaminants.  Under  the  institutional  Controls  Alternative,  the  remedial  tech¬ 
nologies  and  process  options  to  be  implemented  include  the  following: 

•  Access  Restrictions:  Access  restrictions  to  the  soils  and  groundwater  would  be  implemented. 
Prohibitions  on  unauthorized  digging  or  drilling  shall  be  initiated  and  maintained.  This  alter¬ 
native  may  include  the  posting  of  signs  prohibiting  excavation,  digging,  etc.  without  authori¬ 
zation.  Authorization  could  then  require  testing  and  monitoring  to  ensure  the  safety  of  work¬ 
ers. 

•  Groundwater  Use  Restrictions:  Groundwater  beneath  WRF  is  contaminated  in  isolated  loca¬ 
tions.  Restrictions  on  the  usage  of  this  groundwater  would  need  to  be  implemented.  No 
groundwater  at  the  WRF  site  is  currentiy  used  for  drinking  water.  Restrictions  would  be 
placed  in  the  deed  to  the  property,  if  the  Army  transfers  the  property  to  an  entity  other  than 
the  U.S.  Government.  The  deed  restriction  will  describe  the  fact  that  OU1  had  isolated 
groundwater  contamination  and  shali  not  be  used  as  a  drinking  water  source. 

•  Monitoring:  Environmental  monitoring  of  groundwater,  surface  water,  sediment,  and  storm 
water  runoff  would  be  initiated  for  a  period  of  1 5  years  (at  a  minimum).  For  preliminary  cost 
estimating  purposes,  the  monitoring  program  shown  in  Table  7-1  is  anticipated. 

7.2.2  Effectiveness 

With  no  treatment  undertaken,  the  Institutional  Controls  Alternative  does  not  reduce  contaminant 
toxicity,  mobility,  or  volume  “through  treatment.”  No  treatment-related  residuals  are  generated,  all  ex¬ 
isting  waste  is  left  untreated,  and  the  magnitude  of  risk  posed  by  the  site  goes  unchanged  from  what  is 
described  in  the  risk  assessments  (Sections  3.0  and  4.0).  However,  actions  and  controls  are  initiated  to 
manage  human  health  risks,  and  therefore  this  alternative  does  afford  long-term  protection  of  human 
health.  No  actions  or  controls  are  initiated  which  afford  long-term  protection  of  the  environment.  ARARs 
not  compiied  with  include:  MCLs  for  groundwater,  AWQCs  for  surface  water,  VADEQ  Open  Dump  Clo¬ 
sure  Requirements,  and  TSCA  PCB  concentrations  in  soiis.  Minimal  activities  (e.g.,  monitoring,  posting 
signs)  would  be  undertaken,  causing  no  short-term  impacts. 

7.2.3  Implementability 

The  technical  feasibility  of  implementing  the  Institutional  Controls  Alternative  is  considered  high, 
because  the  required  activities,  monitoring  and  site  control,  are  easily  implemented  at  the  present  time 
and  will  continue  to  be  in  the  future.  The  administrative  feasibility  of  implementing  this  alternative  is 
considered  moderate.  It  provides  increased  protection  of  human  health,  but  no  increased  protection  to 
the  environment. 

7.2.4  Cost 

Estimated  capital  costs  for  the  Institutional  Control  Alternative  are  limited  to  the  construction  of  9 
monitoring  wells  and  should  total  around  $120,000.  Estimated  annual  operation  and  maintenance  costs 
related  to  monitoring  should  also  total  around  $140,000. 

7.3  ALTERNATIVE  3:  NATURAL  ATTENUATION 

7.3.1  Description 

Under  the  Natural  Attenuation  Alternative,  the  general  response  actions  to  be  implemented  in¬ 
clude  all  institutional  control  activities  described  in  Alternative  2,  together  with  natural  attenuation.  Natu¬ 
ral  attenuation  achieves  the  reduction  of  contaminant  concentrations  through  any  combination  of  the  fol¬ 
lowing  natural  activities,  which  occur  in  the  absence  of  engineered  actions: 
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•  Biodegradation  is  achieved  when  naturally-occurring  microbial  communities  degrade  organic 
contaminants  as  a  means  of  obtaining  energy  and  materials  necessary  for  cell  growth.  Inor¬ 
ganics  are  not  degraded,  but  may  be  incorporated  into  cell  mass,  and  in  doing  so  become 
less  mobile. 

•  Dilution  is  the  reduction  of  contaminant  concentrations  in  groundwater  or  surface  water  which 
occurs  when  additional  mass  loading  of  contaminants  is  declining,  relative  to  additions  of 
water. 

•  Volatilization  reduces  contaminant  concentrations  when  organics  transform  from  a  dissolved 
state  to  a  gaseous  phase  in  soil  void  space,  then  are  released  naturally  into  the  ambient  air. 

•  Adsorption  is  achieved  when  contaminants  become  bound  to  the  soil  matrix  and  cease  to 
migrate  with  groundwater  or  surface  water. 

•  Chemical  reactions  reduce  contaminant  concentrations  by  transforming  them  into  different 
species  as  a  result  of  contaminant  interactions  with  other  in  situ  chemicals. 

•  Phytoremediation  uses  existing  plants  and  trees  to  incorporate  contaminants  into  their  plant 
structure,  and/or  to  create  an  environment  conducive  to  biodegradation  around  the  root 
zone. 

Natural  attenuation  differs  from  no  action  in  that  it  requires  thorough  documentation  of  the  roles, 
if  any,  being  played  by  the  above  processes.  Data  from  field  tests,  analytical  data,  and  modeling  are 
necessary  to  predict  the  viability  of  this  alternative.  If  found  to  be  viable  and  implemented,  the  effective¬ 
ness  of  the  alternative  must  also  be  verified  through  environmental  sampling,  monitoring,  and  modeling 
(NRC,  1993). 

•  Sampling  is  necessary  to  obtain  periodic  data  on  environmental  contaminant  concentrations 
to  confirm  what  is  being  degraded  as  well  as  what  is  being  created  as  by-products. 

•  Monitoring  field  parameters  including  temperature,  moisture,  oxygen  content,  and  pH  pro¬ 
vides  information  necessary  for  gauging  the  performance  of  biological  communities. 

•  Modeling  uses  the  data  gathered  from  the  sampling  and  monitoring,  together  with  other  site 
data,  to  demonstrate  that  degradation  rates  and  pathways  will  reduce  contaminant  concen¬ 
trations  as  originally  predicted. 

7.3.2  Effectiveness 

The  Natural  Attenuation  Alternative  does  reduce  contaminant  toxicity,  mobility,  and  volume 
through  the  naturally-occurring  treatment  processes  iisted  in  Section  7.3.1.  However,  because  those 
processes  have  not  been  quantified  and  modeled,  the  degree  to  which  they  are  occurring  or  may  occur  is 
unknown.  Likewise,  types,  quantities,  and  risks  of  any  residuals  created  by  those  processes  are  un¬ 
known.  At  the  cessation  of  this  alternative,  the  residual  amount  of  existing  waste  which  would  be  left 
untreated  is  unknown.  Any  change  in  the  magnitude  of  risk  posed  is  unknown.  This  alternative  includes 
the  implementation  of  institutional  controls  described  in  Section  7.2,  and  those  actions  and  controls  af¬ 
ford  long-term  protection  of  human  health,  but  not  the  environment.  Minimal  activities  (e.g.,  monitoring, 
posting  signs)  will  be  undertaken  causing  no  short-term  impacts.  ARARs  not  complied  with  now  include; 
MCLs  for  groundwater,  AWQCs  for  surface  water,  VADEQ  Open  Dump  Closure  Requirements,  and 
TSCA  PCB  concentrations  in  soils. 

7.3.3  implementability 

The  technical  feasibility  of  implementing  the  Natural  Attenuation  Alternative  is  considered  high, 
because  the  required  activities,  monitoring,  modeling,  and  site  control,  are  easily  implemented  currently 
and  will  continue  to  be  in  the  future.  The  administrative  feasibility  of  implementing  this  alternative  is 
considered  low  for  the  following  reasons:  inadequate  data  and  modeling  exists  and  it  provides  an  un¬ 
known  increase  in  protection  to  the  environment. 
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7.3.4  Cost 

The  effectiveness  and  implementability  problems  associated  with  the  Natural  Attenuation  Alter¬ 
native  caused  it  to  be  screened  out,  and  therefore  no  costs  were  calculated. 

7.4  ALTERNATIVE  4:  CONTAINMENT  THROUGH  SURFACE  COVER 

7.4.1  Description 

Under  the  Containment  through  Surface  Cover  Alternative,  the  general  response  actions  to  be 
implemented  include  all  institutional  control  activities  described  in  Alternative  2,  together  with  surface 
covers  placed  on  each  AREE.  Surface  covers  will  be  constructed  of  clean  soil  obtained  from  uncon¬ 
taminated  areas  of  WRF.  Each  cover  will  be  a  minimum  of  two  feet  thick,  and  will  be  designed  at  a 
grade  which  maximizes  runoff,  and  minimizes  erosion.  In  addition,  PCB-contaminated  soils  in  AREE  1 
will  be  excavated  and  disposed  of  off  site. 

7.4.2  Effectiveness 

With  the  exception  of  the  PCB  hot  spot  in  AREE  1,  the  Containment  through  Surface  Cover  Al¬ 
ternative  does  not  reduce  contaminant  volume.  It  will  likely  minimize  contaminant  mobility  through  site 
treatment.  Surface  covers  would  be  placed  on  each  AREE,  and  this  treatment  should  not  generate  any 
treatment-related  residuals.  All  existing  waste  is  left  untreated.  However,  the  magnitude  of  risk  posed 
by  the  site  (as  described  in  the  risk  assessments.  Sections  3.0  and  4.0)  is  substantially  reduced  for  three 
reasons:  1)  the  implementation  of  institutional  controls  (Section  7.2)  affords  long-term  protection  of  hu¬ 
man  health:  2)  surface  covers  minimize  any  potential  exposure  humans  or  animals  may  have  with  con¬ 
taminated  surface  soils;  and  3)  surface  covers  control  infiltration  of  precipitation  and  runoff  thereby 
minimizing  contaminant  leaching  from  soils  into  groundwater  or  surface  water.  With  soil  contaminants 
contained,  the  ARARs  for  groundwater  and  surface  water  will  eventually  be  achieved  as  contaminants  no 
longer  leach  into  them,  and  existing  concentrations  dilute.  Compliance  with  all  ARARs  is  expected. 
Short-term  impacts  from  construction  activities  will  occur,  and  will  be  managed  to  minimize  harm  to  wild¬ 
life  and  their  habitat. 

7.4.3  Implementability 

The  technical  feasibility  of  implementing  the  Containment  through  Surface  Cover  Alternative  is 
considered  high,  because  its  required  activities  are  standard  construction  practices,  and  the  site  presents 
no  barriers  to  their  completion.  The  administrative  feasibility  of  implementing  this  alternative  is  also 
considered  high. 

7.4.4  Cost 

Estimated  capital  costs  for  the  Containment  through  Surface  Cover  Alternative  are  based  on  the 
construction  of  several  soil  covers  which  total  approximately  $1 ,500,000.  Estimated  annual  operation 
and  maintenance  costs  are  related  to  environmental  monitoring  and  maintenance  of  the  covers,  and  are 
estimated  to  total  $130,000. 

7.5  ALTERNATIVES:  REMOVAL  AND  DISPOSAL 

7.5.1  Description 

Under  the  Removal  and  Disposal  Alternative,  the  general  response  actions  to  be  implemented 
include  excavation  of  contaminated  soil,  followed  by  off-site  disposal.  Because  the  site  will  be  a  wildlire 
refuge  in  the  future,  excavated  areas  will  not  be  refilled  with  clean  soil,  but  simply  regraded  to  a  stable 
slope. 

7.5.2  Effectiveness 

The  Removal  and  Disposal  Alternative  reduces  contaminant  toxicity,  mobility,  and  volume  on 
site  through  the  actions  of  excavation  and  off-site  disposal.  The  goal  to  remove  all  existing  waste  cur¬ 
rently  in  place  may  be  unmet  because  soil  contamination  exists  in  isolated  locations,  without  a  pattern  of 
consistency  or  homogeneity,  implying  that  all  contamination  may  not  have  been  identified.  However, 
based  on  the  site  history  and  knowledge  that  disposal  occurred  in  discrete  areas,  contamination  not  iden- 
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tified  during  the  Rl  may  be  accounted  for  by  “over  excavating”  the  disposal  areas.  The  effectiveness  of 
the  excavation  is  therefore  considered  high. 

The  magnitude  of  risk  posed  by  the  site  would  likely  be  reduced  because  most  of  the  contami¬ 
nants  would  be  removed.  With  soil  contaminants  removed,  the  ARARs  for  groundwater  and  surface 
water  will  eventually  be  achieved  as  contaminants  no  longer  leach  into  them,  and  existing  concentrations 
dilute.  Short-term  impacts  from  construction  activities  will  occur,  and  will  be  managed  to  minimize  harm 
to  wildlife  and  their  habitat. 

7.5.3  Implementability 

The  technical  feasibility  of  implementing  the  Removal  and  Disposal  Alternative  is  considered 
high,  because  its  required  activities  are  standard  construction  practices,  and  the  site  presents  no  barriers 
to  their  completion.  A  minor  implementability  problem  relates  to  the  poor  roads  near  AREE  1 .  This  road 
would  need  to  be  improved  to  facilitate  commercial  vehicles  providing  off-site  transportation  to  disposal 
facilities.  Off-site  transportation  and  disposal  is  easily  implementable.  The  administrative  feasibility  of 
implementing  this  alternative  is  also  considered  high  due  to  the  certainty  in  its  effectiveness  and  the  like¬ 
lihood  of  receiving  regulatory  approval. 

7.5.4  Cost 

Estimated  capital  costs  for  the  Removal  and  Disposal  Alternative  are  based  on  excavation,  re¬ 
moval,  and  off-site  disposal  of  soils  at  a  hazardous  waste  landfill.  Total  costs  for  this  alternative  should 
be  between  $6  and  $8  million.  The  estimated  annual  Operation  and  Maintenance  costs  for  this  alterna¬ 
tive  is  $140,000. 

7.6  ALTERNATIVE  6:  AREE-SPECIFIC  REMEDIAL  ACTIONS 

7.6.1  Description 

Under  the  AREE-Specific  Remedial  Actions  Alternative,  the  general  response  actions  to  be  im¬ 
plemented  include  all  institutional  control  activities  described  in  Alternative  2,  together  with  tasks  listed  in 
Table  7-2. 

7.6.2  Effectiveness 

The  AREE-Specific  Remedial  Action  Alternative  reduces  contaminant  toxicity,  mobility,  and  vol¬ 
ume  through  the  actions  of  excavation  and  off-site  disposal.  The  goal  is  to  remove  most  of  the  existing 
debris  and  contaminated  soil  currently  in  place  and  provide  covers  in  AREEs  1  and  6A.  The  effective¬ 
ness  of  the  alternative  is  considered  high. 

The  magnitude  of  risk  posed  by  the  site  would  likely  be  reduced  because  most  of  the  contami¬ 
nants  would  be  removed.  With  soil  contaminants  removed,  the  ARARs  for  groundwater  and  surface 
water  will  eventually  be  achieved  as  contaminants  no  longer  leach  into  them  and  existing  concentrations 
dilute.  Short-term  impacts  from  construction  activities  will  occur,  and  will  be  managed  to  minimize  harm 
to  wildlife  and  their  habitat. 

7.6.3  Implementability 

The  technical  feasibility  of  implementing  the  AREE-Specific  Remedial  Actions  Alternative  is 
considered  high,  because  the  required  activities  are  standard  construction  practices,  and  the  site  pres¬ 
ents  no  barriers  to  their  compietion.  A  minor  implementability  problem  relates  to  the  poor  roads  near 
AREE  1.  This  road  would  need  to  be  improved  to  facilitate  commercial  vehicles  providing  off-site  trans¬ 
portation  to  disposal  facilities.  Off-site  transportation  and  disposal  is  easily  implementable.  The  admin¬ 
istrative  feasibility  of  implementing  this  alternative  is  also  considered  high  due  to  the  certainty  in  its  ef¬ 
fectiveness. 

7.6.4  Cost 

Estimated  capital  costs  for  the  AREE-Specific  Remedial  Actions  Alternative  are  based  on  geo¬ 
physical  studies  of  the  majority  of  OU1,  removal  and  disposal  activities  for  each  of  the  AREEs,  and  the 
construction  of  two  engineered  covers.  The  budgetary  costs  estimate  for  these  tasks  is  $1,150,000.  Es- 
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timated  annual  operation  and  maintenance  costs  are  related  to  environmental  monitoring  and  mainte¬ 
nance  of  the  covers  and  totals  approximately  $60,000. 
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Table  7-1 


Monitoring  Program  Assumed  for  WRF  OU1 


Medium 

Frequency 

Sample  Locations 

Analyses 

Groundwater 

Twice  a  Year 

AREE1 

1  upgradient 

MW-7 

PAHs 

for  15  Years 

3  downgradient 

MW-76,  79.  80 

TAL  metals 

AREE  2/5 

1  upgradient 

MW-68 

5  downgradient 

MW-  74.  81,82,  and  2 
new  deep  wells 

pesticides/PCBs 

Water  quality  parameters  (chloride,  iron, 

AREE3 

1  upgradient 

1  new  well 

manganese,  phenols,  sodium,  sulfate) 

3  downgradient 

MW-69and2  new  wells 

Field  parameters  used  to  Indicate 

AREE  4 

1  upgradient 

MW-64 

contamination  (pH,  specific 

3  downgradient 

MW-65,  66.  67 

conductance,  TOC,  TOX) 

AREE  6A 

1  upgradient 

1  new  well 

3  downgradient 

MW-65,  69  and  1  new 
well 

AREE  6B 

1  upgradient 

MW-60 

3  downgradient 

MW-75  plus  2  new  wells 
along  the  Marumsco 

Creek 

Surface  Water 

Every  5th  year 

AREE1 

Occoquan 

same  as  groundwater 

AREE  2/5 

Marumsco 

Sediments 

Every  5th  year 

AREE1 

Occoquan 

same  as  groundwater,  except  no  water 

AREE  2/5 

Marumsco 

quality  or  field  parameters 

Storm  Water 

Every  5th  year 

AREE1 

Occoquan 

same  as  groundv/ater,  except  no  water 

Runoff 

AREE  2/5 

Marumsco 

quality  or  field  parameters 

Table  7-2 

Tasks  Associated  with  Alternative  5 


Tasks 


Clean  Up  All  Visible  Debris  along  the  shoreline 


Clean  Up  All  Visible  Debris  on  Land 


Clean  Up  All  Visible  Debris  in  Wetland 


Rip-rap  along  shoreline 


Install  additional  wells 


Clean  Closure 


Dig  Test  Pits  at  anomalies  _ _ 


Expand  digging  to  remove  all  buried  debris  _ 


Remove  PCBs  to  <1.0  ppm  in  sediments,  2  BGS 


Remove  PCBs  to  <10  ppm  in  soils 


Restore  wetlands  with  soil  and  plants 


12  Demonstrate  effectiveness  through  4  quarters  of 
monitoring 


AREE 


1  I  6A  I  2/5 


Geophysical  Survey  to  Define  Disposal  Border 


Clear  and  grub 


Slope  Stabilization 


Cap  and  revegetate  _ 


Long-term  monitoring  for  15  years 


8.0  PETAJLED  ANALYSIS  OFREIVtEPi/M,  ACT^OI^  ALTERNATtVE^ 


8.1  INTRODUCTION 

Five  remedial  action  alternatives  (Alternative  1 ,  No  Action;  Alternative  2,  Institutional  Controls; 
Alternative  3,  Containment  through  Surface  Removal  and  Hot  Spot  Removal;  Alternative  4,  Removal 
and  Disposal;  and  Alternative  5,  AREE-Specific  Remedial  Actions)  passed  the  preliminary  screening  in 
Section  7.0  and  will  undergo  a  detailed  analysis  in  this  section.  The  purpose  of  this  section  is  to  analyze 
these  five  alternatives  in  enough  detail  so  they  may  be  objectively  compared  and  the  most  appropriate 
alternative  selected.  The  detailed  analysis  consists  of  an  assessment  of  the  individual  alternatives 
(Section  8.2)  against  specific  evaluation  criteria,  and  a  comparative  analysis  (Section  8.3)  that  focuses 
upon  the  relative  performance  of  each  alternative.  The  results  of  this  analysis  provide  the  basis  for  the 
selection  of  a  remedial  action.  However,  the  extent  to  which  alternatives  are  analyzed  is  dependent  on 
the  limitations  of  currently  available  data. 

Excerpted  below  are  the  nine  NCR  evaluation  criteria  (40  CFR  300.430(e)(9)(iii))  that  encompass 
statutory  requirements,  technical  evaluation,  cost,  and  institutional  considerations.  Of  these  nine  criteria, 
only  the  first  seven  will  be  evaluated  in  this  report.  The  last  two  criteria.  State  Acceptance  and 
Community  Acceptance,  will  be  evaluated  after  the  state  regulators  and  community  members  have  had 
a  chance  to  review  and  comment  on  the  Proposed  Plan. 

Threshold  Criteria 

1.  Overall  Protection  of  Human  Health  and  the  Environment:  Alternatives  shall  be  assessed  to 
determine  whether  they  can  adequately  protect  human  health  and  the  environment,  in  both 
the  short-  and  long-term,  from  unacceptable  risks  posed  by  hazardous  substances, 
pollutants,  or  contaminants  present  at  the  site.  This  is  accomplished  by  eliminating, 
reducing,  or  controlling  exposures  to  levels  established  during  development  of  remediation 
goals.  Overall  protection  of  human  health  and  the  environment  draws  on  the  assessments 
of  other  evaluation  criteria,  especially  long-term  effectiveness  and  permanence,  short-term 
effectiveness,  and  compliance  with  ARARs. 

2.  Compliance  with  ARARs:  The  alternatives  shall  be  assessed  to  determine  whether  they 
attain  applicable  or  relevant  and  appropriate  requirements  under  federal  environmental  laws 
and  state  environmental  or  facility  siting  laws,  or  provide  grounds  for  invoking  one  of  the 
waivers. 

Primary  Balancing  Criteria 

1.  Long-Term  Effectiveness  and  Permanence:  Alternatives  shall  be  assessed  for  the  long-term 
effectiveness  and  permanence  they  afford,  along  with  the  degree  of  certainty  that  the 
alternative  will  prove  successful.  Factors  that  shall  be  considered,  as  appropriate,  include: 

•  Magnitude  of  residual  risk  remaining  from  untreated  waste  or  treatment  residuals 
remaining  at  the  conclusion  of  the  remedial  activities.  The  characteristics  of  the 
residuals  should  be  considered  to  the  degree  that  they  remain  hazardous,  taking  into 
account  their  volume,  toxicity,  mobility,  and  propensity  to  bioaccumulate. 

•  Adequacy  and  reliability  of  controls  such  as  containment  systems  and  institutional 
controls  that  are  necessary  to  manage  treatment  residuals  and  untreated  waste. 

2.  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment:  The  degree  to  which 
alternatives  employ  recycling  or  treatment  that  reduces  toxicity,  mobility,  or  volume  shall  be 
assessed,  including  how  treatment  is  used  to  address  the  principal  threats  posed  by  the  site. 
Factors  that  shall  be  considered,  as  appropriate,  include  the  following: 

•  The  treatment  or  recycling  process  the  alternative  employs  and  materials  that  will  be 
treated: 
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•  The  amount  of  hazardous  substances,  pollutants,  or  contaminants  that  will  be  destroyed, 
treated,  or  recycled; 

•  The  degree  of  expected  reduction  in  toxicity,  mobility,  or  volume  of  the  waste  due  to 
treatment  or  recycling,  and  the  specification  of  which  reductions  are  occurring; 

•  The  degree  to  which  the  treatment  is  irreversible; 

•  The  type  and  quantity  of  residuals  that  will  remain  following  treatment,  considering  the 
persistence,  toxicity,  mobility,  and  propensity  to  bioaccumulate  of  such  hazardous 
substances  and  their  constituents;  and 

•  The  degree  to  which  treatment  reduces  the  inherent  hazards  posed  by  principal  threats 
at  the  site. 

3.  Short-Term  Effectiveness:  The  short-term  impacts  of  alternatives  shall  be  assessed 
considering  the  following: 

•  Short-term  risks  that  might  be  posed  to  the  community  during  implementation  of  an 
alternative; 

•  Potential  impacts  on  workers  during  remedial  action  and  the  effectiveness  and  reliability 
of  protective  measures; 

•  Potential  environmental  impacts  of  the  remedial  action  and  the  effectiveness  and 
reliability  of  mitigative  measures  during  implementation;  and 

•  Time  until  protection  is  achieved. 

4.  Implementability:  The  ease  or  difficulty  of  implementing  the  alternatives  shall  be  assessed 
by  considering  the  following  types  of  factors  as  appropriate: 

•  Technical  feasibility,  including  technical  difficulties  and  unknowns  in  association  with  the 
construction  and  operation  of  a  technology,  the  reliability  of  the  technology,  ease  of 
undertaking  additional  remedial  action,  and  the  ability  to  monitor  the  effectiveness  of  the 
remedy. 

•  Administrative  feasibiiity,  including  activities  needed  to  coordinate  with  other  offices  and 
agencies  and  the  ability  and  time  required  to  obtain  any  necessary  approvals  and 
permits  from  other  agencies 

•  Availabiiity  of  services  and  materiais,  including  the  availability  of  adequate  off-site 
treatment,  storage  capacity,  and  disposal  capacity  and  services;  the  avaiiability  of 
necessary  equipment  and  specialists,  and  provisions  to  ensure  any  necessary  additional 
resources;  the  availability  of  services  and  materials;  and  the  availability  of  prospective 
technologies. 

5.  Cost:  The  types  of  cost  that  shall  be  assessed  include  the  following: 

•  Capital  costs,  including  both  direct  and  indirect  costs; 

•  Annual  operation  and  maintenance  costs;  and 

•  Net  present  value  of  capital  and  O&M  costs. 

Modifying  Criteria 

1.  State  Acceptance:  Assessment  of  state  concerns  may  not  be  completed  until  comments  on 
the  FFS  are  received  but  may  be  discussed,  to  the  extent  possible,  in  the  Proposed  Plan 
issued  for  public  comment.  The  state  concerns  that  shall  be  assessed  include  the  following: 

•  State’s  position  and  key  concerns  related  to  the  preferred  alternative  and  other 
alternatives:  and 
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•  state  comments  on  ARARs  or  the  proposed  use  of  waivers. 

2.  Community  Acceptance:  The  assessment  includes  determining  which  components  of  the 
alternative  interested  persons  in  the  community  support,  have  reservations  about,  or  oppose. 
The  assessment  may  not  be  completed  until  comments  on  the  proposed  plan  are  received. 

8.2  ASSESSMENT  OF  INDIVIDUAL  ALTERNATIVES 

This  section  provides  an  assessment  of  the  five  retained  remedial  action  alternatives  against  the 
seven  NCR  criteria  identified  in  Section  8.1.  These  alternatives  represent  a  range  of  strategies  that 
address  human  health  and  environmental  concerns.  Although  the  selected  alternative  will  be  further 
refined  during  the  pre-design  phase,  the  description  of  alternatives  and  analysis  below  reflect  the 
fundamental  components  of  the  various  approaches  being  considered  for  this  site.  This  analysis  is 
abbreviated  in  Table  8-1 ,  and  fully  described  in  the  text  that  follows. 

8.2.1  Alternative  1 :  No  Action 

8.2.1. 1  Description 

The  No  Action  alternative  excludes  all  remedial  measures,  including  existing  institutional 
controls.  No  activities  would  be  initiated  or  continued  at  the  site.  Existing  site  restrictions,  including 
security  personnel  and  fencing,  would  terminate.  The  NCR  requires  this  evaluation  because  it  provides  a 
baseline  from  which  to  compare  the  developed  alternatives. 

8.2.1. 2  Overall  Protection  of  Human  Health  and  the  Environment 

Because  no  remedial  action  is  undertaken,  long-term  human  health  and  environmental  risks  for 
the  site  essentially  are  the  same  as  those  identified  in  the  baseline  risk  assessments.  An  additional 
future  risk  may  exist  if  groundwater  wells  are  installed  and  used.  This  alternative  does  not  prohibit  future 
groundwater  use  at  the  site  and  thus  may  fail,  at  some  point  in  the  future,  to  protect  human  health. 

8.2. 1.3  Compliance  with  Applicable  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  exist  because  debris  is  present  in  wetlands  and  is  required  to  be 
removed.  This  ARAR  would  not  be  achieved  by  this  alternative.  Action-specific  ARARs  exist  because 
the  sites  are  classified  by  VADEQ  as  open  dumps  and  actions  are  required  to  close  these  dumps.  This 
ARAR  would  not  be  achieved  by  this  alternative.  Chemical-specific  AF^Rs  which  would  not  be  complied 
with  include;  MCLs  for  groundwater,  AWQC  for  surface  water,  and  TSCA  RGB  concentrations  in  soils. 

8.2.1. 4  Long-Term  Effectiveness  and  Permanence 

With  no  treatment  undertaken,  the  No  Action  Alternative  does  not  reduce  contaminant  toxicity, 
mobility,  or  volume  “through  treatment.”  No  treatment-related  residuals  are  generated,  all  existing  waste 
is  left  untreated,  and  the  magnitude  of  risk  posed  by  the  site  goes  unchanged  from  what  is  described  in 
the  risk  assessments  (Sections  3.0  and  4.0).  No  actions  or  controls  are  initiated  to  manage  this  risk,  and 
therefore  this  alternative  affords  no  long-term  protection  of  human  health  and  the  environment. 

8.2.1. 5  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

The  No  Action  Alternative  provides  no  reduction  in  toxicity,  mobility,  or  volume  of  the 
contaminants  “through  treatment". 

8.2.1.6  Short-Term  Effectiveness 

Because  no  action  is  taken,  there  are  no  additional  risks  posed  to  the  community,  the  workers,  or 
the  environment  as  a  result  of  this  alternative  being  implemented. 

8.2.1. 7  Implementability 

The  technical  implementability  of  the  No  Action  Alternative  is  considered  high,  because  it  does 
not  require  any  activities  to  be  either  initiated  or  continued  (with  the  exception  of  a  site  evaluation  report 
that  must  be  submitted  to  USERA).  The  administrative  implementability  of  alternative  is  considered  low, 
because  it  provides  no  increased  protection. 
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8.2.1. 8  Cost 

As  detailed  in  Appendix  C,  Tabie  C-1 ,  the  annual  O&M  cost  of  Alternative  1  is  estimated  to  be 
$7,200.  There  are  no  capital  costs.  The  present  worth  cost  is  $74,734  (15  years,  5%). 

8.2.2  Alternative  2:  Institutional  Controls 

8. 2.2.1  Description 

The  Institutional  Controls  Alternative  establishes  legal  and  barrier  restrictions  on  the  use  of  land 
and  groundwater  at  OU1  to  reduce  the  dangers  from  releases  or  threatened  releases  of  environmental 
contaminants.  Under  the  Institutional  Controls  Alternative,  the  remedial  technologies  and  process 
options  to  be  implemented  include  the  following: 

Site  Access  Restrictions:  Access  restrictions  to  the  soils  would  be  implemented  as  follows; 

•  Site  access  restrictions  wiii  be  detailed  in  the  “Letter  of  Transfer”  that  will  be  prepared  by  the 
Army  and  signed  by  the  Department  of  Defense  and  the  Department  of  the  Interior.  This 
“Letter  of  Transfer”  will  be  recorded  at  the  local  Registrar  of  Deeds  office  to  insure  that  the 
institutional  controls  are  maintained  for  perpetuity. 

•  Prohibitions  on  unauthorized  digging  or  drilling  wouid  be  initiated  and  maintained.  Access 
restrictions  will  be  communicated  to  all  employees  and  enforced  through  appropriate 
administrative  channels. 

•  Signs  would  be  posted  which  State  that  excavation  and  digging  are  prohibited  within  OU1 , 
without  proper  authorization.  Authorization  and  approval  may  be  contingent  upon  testing  and 
monitoring  to  ensure  the  safety  of  workers.  The  AREEs  within  OU1  are  regulated  through 
the  VSWMRs  and  the  Virginia  Hazardous  Waste  Management  Regulations  (VHWMRs).  Any 
disturbance  of  the  dumps  (with  the  exception  of  cover  and  erosion  maintenance)  would  be  in 
violation  of  these  regulations. 

Groundwater  Restrictions:  Groundwater  beneath  OU1  is  contaminated  in  isolated  locations,  and 
therefore  restrictions  on  its  usage  needs  to  be  implemented. 

•  Prohibitions  on  the  use  of  groundwater  for  purposes  other  than  environmental  sampling  will 
be  initiated  and  maintained.  These  site  restrictions  will  be  detailed  in  the  “Letter  of  Transfer” 
as  described  above.  Prohibitions  would  be  promulgated  in  the  site’s  Master  Pian,  as 
supervised  by  either  the  Army,  or  the  next  expected  manager,  the  USFWS.  Prohibitions 
wouid  be  communicated  to  all  employees  and  enforced  through  appropriate  administrative 
channels. 

•  Restrictions  would  be  placed  in  the  deed  to  the  property  if  the  Army  transfers  the  property  to 
an  entity  other  than  the  U.S.  Government.  The  deed  restriction  wiii  describe  the  fact  that 
OU1  had  isolated  groundwater  contamination,  and  should  not  be  used. 

Monitoring:  Monitoring  to  evaiuate  long-term  changes  in  the  site  environmental  conditions  is 
necessary  in  order  to  assure  that  instituitonal  controls  are  adequate  to  protect  human  health  and 
the  environment.  The  monitoring  plan  for  OU1  is  described  below.Groundwater  beneath  OU1  is 
contaminated  in  isolated  locations,  and  therefore  restrictions  on  its  usage  needs  to  be 
implemented. 

•  Semi-annual  monitoring  of  groundwater  would  be  initiated  and  maintained  in  accordance  with 
the  VSWMRs  for  a  defauit  period  of  15  years  (shorter  or  longer  as  VADEQ  deems 
necessary).  In  addition,  monitoring  of  surface  water,  stormwater  runoff,  and  sediments 
wouid  be  conducted  annuaily  for  five  years.  These  monitoring  data  will  be  reviewed  at  the 
end  of  the  first  and  fifth  years  and  every  five  years  thereafter  in  order  to  determine  the  need 
for  continued  monitoring.  Groundwater  is  assumed  to  discharge  to  the  adjacent  water 
bodies,  i.e.  Marumsco  Creek  and  the  Occoquan  Bay.  Groundwater  would  be  monitored 
through  a  system  of  wells  located  in  upgradient  and  downgradient  areas  at  each  AREE.  The 
shallow  groundwater  at  OU1  is  assumed  to  be  tidally  influenced.  In  order  to  design  an 
effective  groundwater  monitoring  system,  these  tidai  influences  must  be  understood.  A  pre- 
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design  study  to  evaluate  the  tidal  influences  on  groundwater  has  been  prepared  and  is 
presented  in  Appendix  C.  The  initial  groundwater  monitoring  program  shown  in  Table  8-2  is 
proposed.  No  costs  associated  with  the  pre-design  study  have  developed  for  this  FFS. 

8.2.2.2  Overall  Protection  of  Human  Health  and  the  Environment 

Under  the  Institutional  Controls  Alternative,  protection  of  human  health  is  achieved  through  the 
implementation  of  site  restrictions  and  groundwater  use  restrictions.  According  to  the  human  health  risk 
assessment  (Section  3.0),  one  pathway  of  concern  was  ingestion  and  dermal  exposure  to  contaminated 
groundwater  (residential  exposure).  These  institutional  controls  would  be  designed  to  prevent  this 
pathway  from  being  completed,  and  thereby  provide  protection  of  human  health.  No  actions  are  taken  to 
protect  the  environment  from  risks  discussed  in  the  ecological  risk  assessment  (Section  4.0). 

8.2.2.3  Compliance  with  Applicable  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  exist  because  debris  is  present  in  wetlands  and  is  required  to  be 
removed.  This  ARAR  would  not  be  achieved  by  this  alternative.  Action-specific  ARARs  exist  because 
the  sites  are  classified  by  VADEQ  as  open  dumps  and  actions  are  required  to  close  these  dumps.  This 
ARAR  would  not  be  achieved  by  this  alternative.  Chemical-specific  ARARs  which  would  not  be  complied 
with  include:  MCLs  for  groundwater,  AWQC  for  surface  water,  and  TSCA  PCB  concentrations  in  soils. 

8.2.2.4  Long-Term  Effectiveness  and  Permanence 

With  no  treatment  undertaken,  the  Institutional  Controls  Alternative  does  not  reduce  contaminant 
toxicity,  mobility,  or  volume  “through  treatment."  No  treatment-related  residuals  are  generated,  all 
existing  waste  is  left  untreated,  and  the  magnitude  of  risk  posed  by  the  site  goes  unchanged  from  what  is 
described  in  the  risk  assessments  (Sections  3.0  and  4.0).  However,  actions  and  controls  are  initiated  to 
manage  this  risk,  and  therefore,  this  alternative  affords  long-term  protection  of  human  health  and  the 
environment. 

The  Institutional  Controls  Alternative  will  effectively  prevent  exposure  to  contaminated 
groundwater.  These  restrictions  are  expected  to  be  effective  in  the  long-term,  as  the  site  is  managed  by 
the  Army,  and  the  Army  is  a  reliable  enforcement  mechanism.  Thus,  the  adequacy  and  reliability  of  the 
institutional  controls  for  restricting  groundwater  use  is  considered  high.  The  same  assessment  applies  to 
the  expected  future  site  manager,  the  USFWS.  An  assessment  of  the  reliability  of  a  future  site  manager 
who  is  not  a  U.S.  Government  agency  is  not  possible. 

8.2.2.5  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

The  Institutional  Controls  Alternative  provides  no  reduction  in  toxicity,  mobility,  or  volume  of  the 
contaminated  groundwater  “through  treatment." 

8.2.2.6  Short-Term  Effectiveness 

The  Institutional  Controls  Alternative  protects  the  community  in  the  short-term  by  imposing 
restrictions  on  site  and  groundwater  use.  Because  no  groundwater  or  soils  will  be  removed,  this 
alternative  creates  no  additional  risks  on  the  community,  workers,  or  the  environment  due  to  remedial 
activities. 

8.2.2.7  Implementability 

The  Institutional  Controls  Alternative  is  considered  easy  to  implement.  Actions  to  be  taken  are 
limited  to  the  addition  of  warning  signs,  the  prevention  of  site  and  groundwater  usage  to  be  regulated  by 
the  Army  and/or  USFWS,  and  the  implementation  of  a  comprehensive  monitoring  program.  Having  a 
government  agency  responsible  assures  the  public  of  continued  implementation  of  the  monitoring 
program  under  oversight  from  state  and  federal  regulatory  agencies. 

8.2.2.8  Cost 

As  detailed  in  Appendix  C,  the  Institutional  Controls  Alternative  has  a  capital  cost  of  $121,776 
(Table  C-2),  and  annual  O&M  cost  of  $143,081  (Table  C-3).  Together  these  two  costs  translate  into  a 
present  worth  cost  is  $1,606,91 1  (15  years,  5%). 
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8.2.3  Alternative  3:  Containment  through  Surface  Cover  and  Hot  Spot  Removal 

8.2.3.1  Description 

Under  the  Containment  through  Surface  Cover  Alternative,  protection  of  human  health  and  the 
environment  is  achieved  through  the  construction  and  maintenance  of  surface  covers  on  each  AREE, 
together  with  all  institutional  control  activities  described  in  Section  8.2.2.1,  and  excavation  and  disposal 
of  PCB-contaminated  soils  (Hot  Spot)  in  AREE  1.  Surface  covers  will  be  constructed  of  18  inches  of  low 
permeable  soil  with  6  inches  of  topsoil  on  top  of  the  low  permeability  soil.  Each  cover  will  be  designed  at 
a  grade  that  maximizes  runoff  and  minimizes  erosion.  Prior  to  construction,  each  area  will  be  cleared  of 
existing  trees  and  shrubs.  Following  construction,  each  area  will  be  revegetated  in  accordance  with 
future  site  use  plans  and  the  needs  of  local  habitats. 

Closure  is  the  activity  of  installing  the  soil  covers.  Post  closure  is  the  monitoring  and  facility 
maintenance  activities  conducted  after  these  covers  are  in  place.  Post  closure  activities,  which  will  be 
performed  for  a  period  of  15  years,  are  intended  to:  ensure  that  the  covers  perform  as  designed;  ensure 
the  covers  are  repaired  when  necessary;  minimize  the  need  for  further  maintenance;  and  control, 
minimize,  or  eliminate  further  hazardous  substance  escape. 

8.2.3.2  Overaii  Protection  of  Human  Health  and  the  Environment 

Protection  of  human  health  and  the  environment  is  achieved  to  a  high  degree  by  this  alternative. 
The  soil  covers  prevent  contact  between  contaminated  surface  soils  and  humans  or  animals. 
Construction  and  maintenance  of  these  covers  will  minimize  percolation  of  precipitation  through  the 
contaminated  subsurface  soils,  and  thereby  minimize  leaching  of  contaminants  into  groundwater  and 
surface  water.  As  stated  in  the  human  health  risk  assessment,  the  major  potential  risk  to  human  health 
is  from  exposure  to  groundwater  through  ingestion.  This  alternative  prevents  the  completion  of  that 
hypothetical  pathway  through  the  enforcement  of  groundwater  use  restrictions  described  in  Section 
8.2.2.I. 

8.2.3.3  Compiiance  with  Appiicabie  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  exist  because  debris  is  present  in  wetlands  and  is  required  to  be 
removed.  This  ARAR  would  be  achieved  by  this  alternative.  Action-specific  ARARs  exist  because  the 
sites  are  classified  by  VADEQ  as  open  dumps  and  actions  are  required  to  close  these  dumps.  This 
ARAR  would  be  achieved  by  this  alternative.  Chemical-specific  ARARs  would  not  be  complied  with 
immediately,  but  would  eventually  as  contaminant  mass  ceases  to  enter  groundwater  and  surface  water. 
These  ARARs  include  MCLs  for  groundwater  and  AWQC  for  surface  water. 

8.2.3.4  Long-Term  Effectiveness  and  Permanence 

With  no  treatment  undertaken,  no  treatment  residuals  are  generated.  Untreated  waste  left  on 
site  will  be  controlled  and  contained  through  systems  that  are  considered  both  adequate  and  reliable. 
The  surface  covers  and  site  use  restrictions  are  expected  to  be  effective  in  the  long-term  as  the  site  is 
managed  by  the  Army,  and  the  Army  is  a  reliable  enforcement  mechanism.  The  same  assessment 
applies  to  the  expected  future  site  manager,  the  USFWS.  An  assessment  of  the  reliability  of  a  future  site 
manager  who  is  not  a  U.S.  Government  agency  is  not  possible. 

8.2.3.5  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

The  Containment  through  Surface  Cover  Alternative  provides  no  reduction  in  toxicity,  mobility, 
or  volume  of  the  contaminants  “through  treatment."  The  construction  and  maintenance  of  soil  covers  will 
minimize  percolation  of  precipitation  through  subsurface  soils,  and  in  doing  so  prevent  the  contaminants 
from  being  leached  out  and  mobilized.  The  existing  volume  of  waste  in  the  soils  would  remain 
unchanged.  The  existing  volume  of  contaminants  in  the  groundwater  and  surface  water  would  decrease 
over  time  with  dilution. 

8.2.3.6  Short-Term  Effectiveness 

The  short-term  is  the  period  during  which  the  remedial  action  is  being  undertaken,  in  this  case, 
the  construction  of  surface  covers  and  removal  of  the  Hot  Spot  at  AREE  1 .  There  is  a  minor  short-term 
effect  due  to  the  removal  and  off-site  disposal  of  PCB-contaminated  soils  from  AREE  1.  Therefore, 
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there  are  some  minor  risks  to  the  community,  workers,  and  the  environment  during  the  disposal  phase  of 
this  alternative.  Overall,  this  alternative  is  considered  highly  effective. 

8.2.3. 7  Implementability 

The  technical  feasibility  of  implementing  the  Containment  through  Surface  Cover  and  Hot  Spot 
Removal  Alternative  is  considered  high,  because  the  required  activities  are  standard  construction 
practices,  and  the  site  presents  no  barriers  to  their  completion.  The  administrative  feasibility  of 
implementing  this  alternative  is  also  considered  high.  Risks  are  mitigated  with  a  high  degree  of 
reliability. 

8.2.3.8  Cost 

As  detailed  in  Appendix  C,  the  Containment  through  Surface  Cover  Alternative  has  a  capital  cost 
of  $2,082,399  (Table  C-5),  and  annual  O&M  cost  of  $153,538  (Table  C-6).  Together  these  two  costs 
translate  into  a  present  worth  cost  is  $3,676,072  (15  years,  5%). 

8.2.4  Alternative  4:  Removal  and  Disposal 

8.2.4.  f  Description 

Under  the  Removal  and  Disposal  Alternative,  protection  of  human  health  and  the  environment  is 
achieved  through  the  excavation  and  off-site  disposal  of  soil  contaminants.  With  their  removal, 
contaminants  will  cease  to  enter  groundwater  and  surface  water,  and  existing  aquatic  concentrations  of 
contaminants  will  decrease  through  dilution.  Following  excavation,  areas  will  not  be  backfilled,  but  will 
be  regraded  and  revegetated  in  accordance  with  future  site  use  plans  and  the  needs  of  local  habitats. 

8.2.4.2  Overaii  Protection  of  Human  Health  and  the  Environment 

Protection  of  human  health  and  the  environment  is  achieved  to  a  high  degree  by  this  alternative. 
Potential  contact  between  contaminated  soils  and  humans  or  animals  is  eliminated  with  the  elimination 
of  the  contaminants.  As  stated  in  the  human  health  risk  assessment,  the  major  potential  risk  to  human 
health  is  from  exposure  to  groundwater  through  ingestion.  This  alternative  prevents  the  completion  of 
that  hypothetical  pathway  through  the  enforcement  of  groundwater  use  restrictions  described  in  Section 
8.2.2. 1. 

8.2.4.3  Compliance  with  Applicable  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  exist  because  debris  is  present  in  wetlands  and  is  required  to  be 
removed.  This  ARAR  would  be  achieved  by  this  alternative.  Action-specific  ARARs  exist  because  the 
sites  are  classified  by  VADEQ  as  open  dumps  and  actions  are  required  to  close  these  dumps.  This 
ARAR  would  be  achieved  by  this  alternative.  Chemical-specific  ARARs  (MCLs  for  groundwater  and 
AWQC  for  surface  water)  would  not  be  complied  with  immediately,  but  would  eventually  as  contaminant 
mass  ceases  to  enter  groundwater  and  surface  water. 

8.2.4.4  Long-Term  Effectiveness  and  Permanence 

With  no  treatment  undertaken,  no  treatment  residuals  are  generated.  With  successful 
excavation,  no  untreated  waste  would  be  left  on  site  which  requires  control  or  containment.  This  action 
is  irreversible,  and  considered  to  have  a  high  degree  of  effectiveness  and  permanence. 

8.2.4.5  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

The  Removal  and  Disposal  Alternative  provides  no  reduction  in  toxicity,  mobility,  or  volume  of 
the  contaminants  “through  treatment.”  The  reduction  of  these  factors  is  achieved  through  excavation 
and  off  site  disposal  of  contaminants.  This  reduction  is  estimated  to  be  a  complete  reduction. 

8.2.4. 6  Short-Term  Effectiveness 

The  short-term  is  the  period  during  which  the  remedial  action  is  being  undertaken,  in  this  case, 
the  excavation,  hauling,  and  off-site  disposal  of  contaminated  soils.  Because  contaminated  soil  is  being 
removed  and  managed,  this  alternative  creates  additional  risks  to  the  community,  workers,  and  the 
environment  during  the  construction  phase.  Risks  to  the  workers  would  come  from  direct  contact,  spills, 
and  inhalation  of  dust.  Risks  to  the  environment  would  come  from  spills  and  dust.  Risks  to  the 
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community  would  com©  durinQ  the  hauling  of  contaminated  materials  on  roads,  from  possible  spillage  or 
generation  of  dust.  Attempts  to  mitigate  all  of  these  risks  will  be  made  through  planning,  engineered 
controls,  and  the  use  of  trained  personnel.  The  effectiveness  of  this  alternative  in  the  short-term  is 
therefore  considered  moderate. 

8.2.4. 7  Implementability 

The  technical  feasibility  of  implementing  the  Removal  and  Disposal  Alternative  is  considered 
moderate.  Success  requires  trained  personnel  excavating  and  removing  all  contaminated  soils.  Barriers 
to  this  success  may  arise  if  unexpected  or  unmanageable  materials  are  uncovered  during  the  excavation 
activities.  The  administrative  feasibility  of  implementing  this  alternative  is  also  considered  moderate,  as 
permits  and  approval  will  be  required  for  off-site  activities. 

8.2.4.8  Cost 

As  detailed  in  Appendix  C,  the  Removal  and  Disposal  Alternative  has  a  capital  cost  of 
$6,741,399  (Table  C-7),  and  annual  O&M  costs  of  $143,081  (Table  C-8).  The  present  worth  cost  of  this 
alternative  is  $8,226,534  (15  years,  5%) 

8.2.5  Alternative  5:  AREE-Specific  Remedial  Actions 

8.2.5.1  Description 

Under  the  AREE-Specific  Remedial  Actions  Alternative,  protection  of  human  health  and  the 
environment  is  achieved  through  the  excavation  and  off  site  disposal  of  soil  contaminants  at  some 
AREEs  and  surface  cover  of  the  other  AREEs.  With  their  removal  or  containment,  contaminants  will 
cease  to  enter  groundwater  and  surface  water,  and  existing  aquatic  concentrations  of  contaminants  will 
decrease  through  dilution.  Following  excavation,  areas  will  not  be  backfilled,  but  will  be  regraded  and 
revegetated  in  accordance  with  future  site  use  plans  and  the  needs  of  local  habitats. 

8.2.5.2  Overaii  Protection  of  Human  Health  and  the  Environment 

Protection  of  human  health  and  the  environment  is  achieved  to  a  high  degree  by  this  alternative. 
Potential  contact  between  contaminated  soils  and  humans  or  animals  is  eliminated  with  the  excavation 
of  the  contaminants  and  minimized  on  site  with  a  surface  covers  where  applicable.  As  stated  in  the 
human  health  risk  assessment,  the  major  potential  risk  to  human  health  is  from  exposure  to  groundwater 
through  ingestion.  This  alternative  prevents  the  completion  of  that  hypothetical  pathway  through  the 
enforcement  of  groundwater  use  restrictions  described  in  Section  8.2.2. 1 ,  Institutional  Controls. 

8.2.5.3  Compliance  with  Applicable  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  exist  because  debris  is  present  in  wetlands  and  is  required  to  be 
removed.  This  ARAR  would  be  achieved  by  this  alternative.  Action-specific  ARARs  exist  because  the 
sites  are  classified  by  VADEQ  as  open  dumps  and  actions  are  required  to  close  these  dumps.  This 
ARAR  would  be  achieved  by  this  alternative.  Chemical-specific  ARARs  would  not  be  compiled  with 
immediately,  but  would  eventually  as  contaminant  mass  ceases  to  enter  groundwater  and  surface  water. 
These  ARARs  include  MCLs  for  groundwater  and  AWQC  for  surface  water. 

8.2.5.4  Long-Term  Effectiveness  and  Permanence 

With  no  treatment  undertaken,  no  treatment  residuals  are  generated.  With  successful 
excavation,  most  waste  would  be  removed  from  the  site.  Wastes  left  on  site  will  be  managed  by  surface 
covers  and  institutional  controls.  These  actions  are  reversible,  and  considered  to  have  a  high  degree  of 
effectiveness  and  permanence. 

8.2.5.5  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

The  AREE-Specific  Remedial  Actions  Alternative  provides  no  reduction  in  toxicity,  mobility,  or 
volume  of  the  contaminants  “through  treatment."  The  reduction  of  these  factors  is  achieved  through 
excavation  and  off-site  disposal  of  most  contaminants,  and  containment  through  cover  with  the 
contaminants  left  on  site. 


DACA31-94-D-0064 
ESPS01-437 
November  1 997 


8-8 


Focused  Feasibility  Study 
for  Operable  Unit  One 
Final  Document 


Section  8.0 

Detailed  Analysis  of  Remedial  Action  Artematives 


8.2.5.6  Short-Term  Effectiveness 

The  short-term  is  the  period  during  which  the  remedial  action  is  being  undertaken,  in  this  case, 
the  excavation,  hauling,  and  off-site  disposal  of  contaminated  soils  and  on-site  surface  capping. 
Because  contaminated  soil  is  being  removed  and  managed,  this  alternative  creates  additional  risks  to 
the  community,  workers,  and  the  environment  during  the  construction  phase.  Risks  to  the  workers  would 
come  from  direct  contact,  spills,  and  inhalation  of  dust.  Risks  to  the  environment  would  come  from  spills 
and  dust.  Risks  to  the  community  would  come  during  the  hauling  of  contaminated  materials  on  roads, 
from  possible  spillage  or  generation  of  dust.  Attempts  to  mitigate  all  of  these  risks  will  be  made  through 
planning,  engineered  controls,  and  the  use  of  trained  personnel.  The  effectiveness  of  this  alternative  in 
the  short-  term  is  therefore  considered  moderate. 

8.2.5.7  ImplemenUibility 

The  technical  feasibility  of  implementing  the  AREE-Specific  Remedial  Actions  Alternative  is 
considered  moderate.  Success  requires  trained  personnel  excavating  and  removing  contaminated  soils 
and  construction  of  low  permeable  soil  covers.  Barriers  to  this  success  may  arise  if  unexpected  or 
unmanageable  materials  are  uncovered  during  the  excavation  activities.  The  administrative  feasibility  of 
implementing  this  alternative  is  also  considered  moderate,  as  permits  and  approval  will  be  required  for 
off-site  activities. 

8.2.5.8  Cost 

As  detailed  in  Appendix  C,  the  AREE-Specific  Remedial  Actions  Alternative  has  a  capital  cost  of 
$1,115,047  (Table  C-9),  and  annual  O&M  costs  of  $59,814  (Table  C-10).  The  present  worth  cost  is 
$1,735,898. 

8.3  COMPARATIVE  ANALYSIS 

8.3.1  Introduction 

This  section  provides  a  comparative  analysis  of  the  remedial  action  alternatives.  This  analysis 
contrasts  with  the  preceding  analysis  in  which  each  alternative  was  analyzed  independently  without 
consideration  of  other  alternatives.  The  purpose  of  this  comparative  analysis  is  to  identify  the 
advantages  and  disadvantages  of  each  alternative  relative  to  one  another  so  that  the  key  tradeoffs  can 
be  identified.  A  summary  of  the  analysis  is  provided  in  Table  8-3,  with  a  complete  analysis  in  the  text 
that  follows. 

8.3.2  Overall  Protection  of  Human  Health  and  the  Environment 

Protection  of  human  health  is  afforded  by  minimizing  or  eliminating  human  contact  from  site 
contaminants.  This  can  be  done  through  implementation  of  physical  and  legal  barriers,  or  through  site 
clean  up.  Because  Alternative  3  includes  surface  covers  together  with  site  and  groundwater  use 
restrictions,  it  is  considered  to  be  the  most  protective  of  the  five  alternatives.  Likewise,  Alternative  2 
protects  human  health  through  the  implementation  and  enforcement  of  site  and  groundwater  use 
restrictions.  Alternatives  4  and  5  would  attempt  to  excavate  and  remove  soil  contaminants,  preempting 
the  need  for  future  site  and  groundwater  use  restrictions;  however  they  are  considered  less  protective 
than  Alternative  3  because  complete  removal  of  contaminants  may  not  actually  occur,  and  those 
contaminants  that  are  removed  may  be  released  during  their  management  as  spillage  or  dust.  With  the 
Army  acting  as  the  site  manager.  Alternative  2  has  a  high  degree  of  reliability.  Alternative  1  provides  no 
increased  protection  of  human  health  and  is  therefore  the  least  desirable  alternative. 

Protection  of  the  environment  is  less  of  an  issue  than  protection  of  human  health,  according  to 
results  of  the  risk  assessments.  Protection  of  the  environment  will  best  be  achieved  through  the 
implementation  of  Alternative  3  which  will  prevent  contact  between  animals  and  contaminated  surface 
soils  and  will  minimize  future  leaching  of  contaminants  into  surface  water  and  groundwater.  Alternatives 
4  and  5  may  succeed  in  removing  soil  contaminants;  however,  because  they  will  likely  generate  dust  and 
may  include  spillage,  they  are  considered  less  protective  of  the  environment  than  Alternative  3. 
Alternatives  1  and  2  provide  no  increased  protection  of  the  environment. 
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8.3.3  Compliance  with  Applicable  or  Relevant  and  Appropriate  Requirements 

Location-specific  ARARs  apply  to  OU1  because  debris  is  located  in  wetlands  and  will  be  required 
to  be  removed.  Alternatives  4  and  5  are  the  only  ones  to  take  this  action. 

Action-specific  ARARs  apply  to  OU1  because  seven  of  the  eight  AREEs  within  OU1  are  open 
dumps  and  actions  must  be  taken  to  either  cover  or  close  them.  Alternatives  3,  4,  and  5  take  the 
required  actions. 

The  chemical-specific  ARARs  for  surface  water  are  AWCQ.  Alternatives  3,  4,  and  5  are 
expected  to  achieve  these  criteria  in  the  long-term,  as  contaminants  cease  to  be  added  to  the  surface 
water.  Alternatives  1  and  2  take  no  actions  and  are  likely  to  remain  in  noncompliance  with  this  ARAR. 

The  chemical-specific  ARARs  for  groundwater  are  MCLs.  Alternatives  3,  4,  and  5  are  expected 
to  achieve  these  criteria  in  the  long-term,  as  contaminants  cease  to  be  added  to  the  groundwater. 
Alternatives  1  and  2  take  no  actions  and  are  likely  to  remain  in  noncompliance  with  this  ARAR. 

The  chemical-specific  ARARs  for  soil  are  the  TSCA  PCB  levels.  Alternatives  3,  4,  and  5  take 
the  required  actions.  Alternatives  1  and  2  take  no  actions  and  are  likely  to  remain  in  noncompliance  with 
this  ARAR. 

Alternatives  1  and  2  are  the  least  desirable  because  they  fail  to  comply  with  several  ARARs. 
Alternatives  3,  4,  and  5  will  achieve  soil  ARARs  in  the  short-term,  and  groundwater  and  surface  water 
ARARs  in  the  long-term.  Because  Alternatives  4  and  5  involve  excavation  more  excavation  than 
Alternative  3,  their  likelihood  of  achieving  water  ARARs  is  greater  than  for  Alternative  3. 

8.3.4  Long-Term  Effectiveness  and  Pennanence 

Long-term  effectiveness  and  permanence  is  best  achieved  through  the  minimization  of  wastes 
left  in  place,  the  minimization  of  residuals  generated  during  treatment,  and  the  adequate  and  reliable 
control  of  any  residuals  generated  or  wastes  left  in  place.  None  of  the  alternatives  generates  treatment 
residuals.  Desirability,  therefore,  is  related  to  the  minimization  and  management  of  wastes  left  in  place. 
Alternative  4  is  most  desirable  because  virtually  all  waste  will  be  removed  from  the  site.  Alternative  5 
removes  most  wastes.  Alternatives  1 ,  2,  and  3  leave  all  wastes  in  place  (with  the  exception  of  the  Hot 
Spot  removal  for  Alternative  3),  with  only  Alternative  3  taking  control  actions  (surface  covers)  which  are 
considered  adequate  and  reliable.  Alternatives  1  and  2  are  the  least  desirable  because  they  do  nothing 
to  control  wastes  left  in  place. 

8.3.5  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

None  of  the  alternatives  involve  any  treatment;  therefore,  there  will  be  no  reduction  of  toxicity, 
mobility,  or  volume  through  treatment.  However  the  reduction  in  mass  achieved  by  Alternatives  4  and  5 
inherently  reduces  toxicity  and  mobility  as  well.  Alternative  3  involves  some  reduction  in  mass  by  the 
Hot  Spot  removal  in  AREE  1.  A  reduction  in  mobility  is  achieved  by  Alternative  3  through  the 
implementation  of  surface  covers  which,  when  properly  maintained,  will  minimize  mobility  as  leachate  is 
minimized.  Alternatives  1  and  2  effect  no  changes  in  toxicity,  mobility,  or  volume. 

8.3.6  Short-Term  Effectiveness 

Short-term  effectiveness  is  best  achieved  by  minimizing  additional  risks  to  workers,  the 
environment,  and  the  local  community  during  the  remedial  action.  The  principal  threat  to  human  health 
at  out  is  contact  of  contaminants  once  they  have  be  extracted  or  removed.  Contaminants  in  place  are 
not  currently  a  threat  to  human  health,  nor  will  they  be  in  the  future.  Therefore,  the  least  desirable 
alternative  is  Alternative  4,  because  in  removing  and  managing  site  soils,  workers,  the  local  community, 
and  the  environment  are  afforded  additional  risks  in  the  event  of  spillage  or  dust  generation.  Alternative 
5  involves  less  excavation  than  Alternative  4.  Alternatives  2,  3,  and  5  involve  leaving  contaminants  in 
place  while  conducting  environmental  sampling.  Due  to  environmental  sampling  of  contaminated  media, 
they  present  a  larger  risk  to  workers  than  Alternative  1 . 
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8.3.7  Implementability 

Implementability  is  best  achieved  through  a  remedial  alternative  which  is  both  technically  and 
administratively  feasible.  The  technical  and  administrative  feasibility  of  the  No  Action  Alternative  is  the 
highest  because  no  coordinating,  permitting,  or  actions  are  required.  The  Institutional  Controls 
Alternative  requires  the  implementation  of  site  use  restrictions,  which  require  coordination  with  facility 
personnel,  and  the  implementation  of  an  on-going  monitoring  program.  Alternative  2  is  therefore  highly 
implementable,  though  slightly  less  than  the  No  Action  Alternative.  Alternatives  3,  4,  and  5  require 
construction  activities.  Alternative  3’s  activities  are  all  on  site  (with  the  exception  of  off-site  disposal  of 
the  PCB  Hot  Spot),  and  therefore,  are  more  easy  to  administer  than  either  Alternative  4’s  or  5’s,  which 
require  off-site  disposal.  Alternatives  3,  4,  and  5  require  trained  personnel,  in  licensed  vehicles,  driving 
to  a  licensed  facility.  Alternative  5  is  therefore  the  most  difficult  to  implement  from  an  administrative 
point  because  it  must  coordinate  both  on  site  and  off-site  activities.  Alternative  3  requires  surface 
covering  and  minimal  off-site  disposal  of  wastes,  where  Alternative  4  requires  more  excavation  of  buried 
soils  and  wastes  than  Alternative  3.  Therefore,  Alternative  3  is  considered  more  technically 
implementable  than  Alternative  4. 

8.3.8  Cost 

Cost  comparisons  of  the  alternatives  are  shown  in  Table  8-4. 
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Table  8-2 

Monitoring  Program  Assumed  for  WRF  OU1 


Medium 

Frequency 

I  Sample  Locations 

Analyses 

Groundwater 

Twice  a  Year 

AREE1 

1  upgradient 

MW-7 

PAHs 

for  15  Years 

3  downgradient 

MW-76,  79.  80 

TAL  metals 

AREE  2/5 

1  upgradient 

MW-68 

5  downgradient 

MW- 74, 81,82,  and  2 
new  deep  wells 

pesticides/PC  Bs 

Water  quality  parameters  (chloride,  iron, 

AREE3 

1  upgradient 

1  new  well 

manganese,  phenols,  sodium,  sulfate) 

3  downgradient 

MW-69and2  new  wells 

Field  parameters  used  to  indicate 

AREE  4 

1  upgradient 

MW-64 

contamination  (pH,  specific 

3  downgradient 

MW-65,  66. 67 

conductance,  TOC,  TOX) 

AREE  6A 

1  upgradient 

1  new  well 

3  downgradient 

MW-65, 69  and  1  new 
well 

AREE  6B 

1  upgradient 

MW-60 

3  downgradient 

MW-75  plus  2  new  wells 
along  the  Marumsco 

Creek 

Surface  Water 

Every  5th  year 

AREE1 

Occoquan 

same  as  groundwater 

AREE  2/5 

Marumsco 

Every  5th  year 

AREE1 

Occoquan 

same  as  groundwater,  except  no  water 

AREE  2/5 

Marumsco 

quality  or  field  parameters 

Storm  Water 

Every  5th  year 

AREE1 

Occoquan 

same  as  groundwater,  except  no  water 

Runoff 

AREE  2/5 

Marumsco 

quality  or  field  parameters 

Table  8-3 

Comparative  Analysis  of  Remedial  Action  Alternatives 


NCR 

Criteria 

Alternative  1 
No  Action 

Alternative  2 
Institutional 
Controls 

Alternative  3 
Containment 
through 
Surface 
Cover  and 
Hot  Spot 
Removal 

Alternative  4 
Removal  and 
Disposal 

Alternative  5 
AREE-Specific 
Remedial 
Actions 

1 .  Overall  protectiveness 

5 

2 

1 

4 

3 

2.  Compliance  with  ARARs 

5 

5 

3 

1 

2 

3.  Long-term  effectiveness 
and  permanence 

5 

5 

3 

1 

2 

4.  Reduction  in  toxicity, 
mobility,  and  volume 
through  treatment 

5 

5 

3 

1 

2 

5.  Short-term  effectiveness 

1 

2 

3 

5 

4 

6.  Implementability 

1 

2 

3 

4 

5 

7.  Cost 

1 

2 

3 

5 

4 

Ratings  are  from  1  through  5,  with  1  being  the  most  desirable,  and  5  being  the  least  desirable. 


Table  8-4 

Summary  of  Capital,  Annual  O&M,  and  Present  Worth  Costs 


Remedial  Action  Alternative 

Capital  Cost 
Estimate 
($) 

O&M  Cost 
Estimate 
($) 

Present  Worth 
Estimate^ 

($) 

1.  No  Action 

0 

7,200 

74,734 

2.  Institutional  Controls 

121,776 

143,081 

1,606,911 

3.  Containment  through  Surface  Cover 
and  Hot  Spot  Removal 

2,082,399 

153,538 

3,676,072 

4.  Removal  and  Disposal 

6,741,399 

143,081 

8,229,534 

5.  AREE-Specific  Remedial  Actions 

1,115,047 

59,814 

1,735,898 

^  Present  worth  assumes  a  15-year  lifetime  and  5%  interest  (discount)  rate  for  federal  money. 
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Wetland  Delineation  Map  for  Operable  Unit  One 


Figure  A-1 

Wetlands  in  Operable  Unit  1 
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Boring  Logs 
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^  3 

^  Li^ 

i  j  i 

1  /?  c; 

li  !!(|i 

‘  ?  ^  ;5-r23 

''0.0 

1  ^  u 

1 

» 

s’ 

1  ^ 

I  \  ^ 

/  (i 

"S  ^  ^ 

^  ^T 

X5  < 

J^l 

? 

BLOW 

COUNTS/ 

RECOVERY 

< 

1 

_ 

S  . 

'S-C^ 

cr- 

» 

MM  MIL 

All  measurements  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  jntervals  in  this  column  if  drilling  bedrock. 


1/4^INCH  OIAWEj*??'’ 
DRAINAGE  PORT 

CONCRETE  BLANKET 
(MINIMUM  r  SLOPE  \ 
OVER  2') 


HINGED  LOCKING 
CAP 


OVERSIZED  P'/C 
WELL  CAP 


/ 

<0.2* 

r  MORTAR 

;OLL«  1  FVC 

/ 

STICK 

UP 

PROTECTIVE  CASING 


er’  STEEL 
PROTECTIVE  CASING 


12.5"  DIAMETER 
BORE  HOLE 


4"  DIAMETER  - s 

PVC  SCHED.  40.  SOLID  CASING 


4"  DIAMETER.  .01"  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


4"  DIAMETER.  PLAT  BOHOMED,  - 
PVC,  SCHED.  40.  SCREEN  PLUG 


PROTECTIVE  1 

CASING  CONCROE 

2.5*  I 


BENTONITE  SEAL  -  5’  MINIMUM 

j  SAND  PACK  - 

5*  ABOVE  WELL  SCREEN 


SAND 
•*::  PACK 


10'  SCREEN 


SCREEN  PLUG  0.5* 


SCALE  AS  SHOWN 


ICF  KAISER 

ENaiNEERB  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


{/-3'eJ  3  0  *^/c crj  2'^^  O  ^ lUiTJ 


WELL  NO.: 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Pagej^of^ 


Project; 


Geologist:  JoAnr? 


Driller  &  Company:  {-(cinliy]  Hob^n  : 


Date  Boring  Started:  //  /o/ 


First  Encountered  Water  Level:  SO' 


Total  Fluid  Losses:  Q 


Total  Fluid  Losses:  Q 


Geophysical  Logging:  yvCs. 


Depth  to  Bedrock: 


Boring  Completion  Information; 


Boring:  MW"  5*5 


Signature: 


Completed:  fl/ptlq^ 


Screened  Interval:  qP5"-“  35  -Pf, 


Ground  Elev.: 


Date 

Time 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

e 

j 

Time 

Start 

End 

u/oil^ie  1620  I  ZOO  O' 
I(/o(/T5/300  1530  o' 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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1/+-1NCH  OIAWlTiR 
DRAINAGE  PORT 


•HINGED  LOCKING 
CAP 


OVERSIZED  P'/C 
WELL  CAP 


tCF  KAISER 
BNBINEERS 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


II-  6^  WELL  NO.: 

S  //A  /  /vr— 

-  .  ,  , _ _  '  !  DATE  COMPLETED:  JlhiHT 

_2  /v^  21  ^e/uyl/ 
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Page  1  of  -5 


Project: 


Boring: 


ignature: 


i  )t2r  '  I  Qrru  ^  Brocji 


Date  Boring  Started:  /o/3^  1^5^ 


First  Encountered  Water  Level: 


Driller  &  Company: 


Drilling  Rig: 


Total  Fluid  Losses: 


Casing  Type:  y  '' 


Geophysical  Logging: 

/ 

Depth  to  Bedrock: 

A^iq 

Screened  Inten/al:  /7,  3  ^  3 


Ground  Elev.: 


goring  Completion  Information:  H  ^  i'/m* 


Time 


Depth  of  Drilling 
Per  Shift 


End 


e 

Time 

Start  : 

End 

Abbreviations: 


Abbreviation 


Location  Sketch: 


Meaning 


Niv/s 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


i/a_INCH  OiA^ycTER 
ORAl.SAGE  PORT 


HINGEO  LOCKING 
CAP 


OVtRSlZiO  P'.'C 
WELL  CAP 


ICF  KAISER 
ENBINEER3 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


U)c(l  fiifJtAii.  !  S^-J  rft/ 

- -  <z*Afc> 


it.s 

iffS~  Sb  lb, 
jr.s 


be.^ 


!•'  '  Jcif  WELL  NO.:  ^  V 

Vo  '  SeAY’o  O.ot"'/*' 

/-  /o'  |»  DATE  COMPLETED:  '■  ///^'-T 

/  “  .Sfpxu  OW 
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d  of 


BNOINeeRB  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.:  IA\'J ' 


DATE  COMPLETED: 


H 
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Project:  V\/RF  Ri/p5 

Boring: PAW-5^ 

Geologist:  D.  R^MANo/  D.  BATTS 

Signature: 

Driller  &  Company:  HHl/ ALONZO 

Drilling  Rig:  Mo&lf  B'57ATV 

Date  Boring  Started:  U//7/95 

Completed:  ff/{7f^ 

First  Encountered  Water  Level:  i  5^ 

Date:  1(  Jll/jS 

Total  Fluid  Losses:  - 

Date:  — - 

I  Total  Fluid  Losses: -  || 

Casing  Type:  pvc  SCHEDVDT  4o 

Screened  Interval:  13^23^  || 

Geophysical  Logging: 

Date: - 

Depth  to  Bedrock:  N/A  /  ~  / 

Ground  Elev.:  ^  - 

Boring  Completion  Information:  '  y  t! 

Date:  f//iyl?S' 

Date 

Time 

Depth  of  Driliing 
Per  Shift 

CT^ 

Date 

Time 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

ii/;7/55 

II/I7/9S 

14S0 

i«o5 

iSSo 

O 

O 

Zo' 

23.S' 

4- V  xc 

)  AU6ER 

^  ' 

_ V  ^ _ 

II  Abbreviations: 

Location  Sketch: . 

kl  - , . - 

Y'  >--  v- 

[j  ,  J/f  ' 

. 

II  Abbreviation 

Meaning 

MFO. 

FN. 

W 

OR. 

trace 

urriE 

Af/p 

PfC 

LT 

MEpfl/M 

RAJE 

v'en.y 

GPAia/ 

^/fO 

eol2s> 

lol3o 

sofso 

CWIC 

U&HT 

' 

- 

All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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moasuromonts  should  bo  rccordod  in  loot  or  lonlhs  of  feel.  7  Record  corod  I'ntofval's  In  this  column  li  drilling  bodfoci 


All  measurements  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  column  if  drilling  bedrock. 


ICF  KAISER 
BNBINBERB 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.: 


,,_i 


DATE  COMPLETED: 
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ICF  KAISER  ENGINEERS  (Continued) 
BORING  GENERAL  DATA  SHEET 


I/i-INCH  0IA,METE.^- 
DRMKAQl  port 


HiNG'O  LOCKING 
CAP 


OViRSlZtO  P'/C 
WELL  CAP 


CONCRETE  3LANKHT  ■ 
(MINIMUM  t’  SLOPS 
0'/£R  2‘) 


MCR7AP  COLUR~l  px/Q  ?ROTSCTlVS  CASING 
STICK  STICK  UP  2.5* 

^  UP 


jaiL  j 

i 


8”  STEEL 
PROTECTIVE  CASING 


12.5"  DIAMETER 
SORE  HOLE 


i"  DIAMETER  - — -s 

PVC  SCHEO.  ^0,  SOLID  CASING 


4'  DIAMETER,  .or  SLOT  - 

PVC  SCHEO.  40,  WELL  SCREEN 


PROTECTIVE 
CASING  CONCRETE 


BENTONITE  SEAL  -  5'  MINIMUM 


JSAI 
5'  ABOV 


SAND  PACK  - 
ABOVE  WELL  SCREEN 


SAND 

PACK 


10'  SCREEN 


SCREEN  PLUG  0.5’ 


■5c^i2.0 


4'  DIAMETER.  FLAT  BOTTOMED,  • 
PVC.  SCHEO.  40,  SCREEN  PLUG 


SCALE  AS  SHOWN 


ICF  KAISER 
BNaiNEBRB 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.:  MvV-f?  / 


DATE  COMPLETED 


3of  3 


HINCiO  LOCKING 


BNBINBBRS  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.: 

DATE  COMPLETED: 


ICF  KAISER  ENGINEERS  (Continued) 

BORING  GENERAL  DATA  SHEET  Pagoi.oij/ 


1/i-INCH  OIAWEJ-.^- 

orajinage:  port 

CONCRETc  BLANKET  -x 
(MINIMUM  t'  SLOPE  \ 
OVER  2*) 


HINGEO  LOCKING 
r  iP 


OVERSIZED  P'/C 
WELL  CA? 


r  STEEL 
PROTECTIVE  CASING 


12.5*  DIAMETER 
BORE  HOLE 


^  mortar  collar  f  PVC  P-‘^0^^CTIVE  CASING 
'  STICK  STICK  UP  2.5* 


PROTECTIVE  1 

CASING  CONCRETE 

2.5'  I 


4"  DIAMETER  - s 

PVC  SCHED.  40,  SOLID  CASING 


4''  DIAMETER,  .01*  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


BENTONITE  SEAL  -  5*  MINIMUM 

}  SAND  PACK  - 

1  5'  ABOVE  WELL  SCREEN 


10*  SCREEN 


SCALE  AS  SHOWN 


4**  OlAMaER.  FLAT  BOTTOMED.  • 
PVC.  SCHED.  40.  SCREEN  PLUG 


l^NCsn^BERS  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


DATE  COMPLETED: 
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All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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/  "  t(^ 

—  Si^i/0  ol'^l  I ’’‘"^  "2.  y  O  ''  2 «  *^-^hJjs^ 

*— -  <3rt*^vV4tA^?p;*^^-<s 

/330  — ■-  Cet-A^  'S  —  4^^  *7  fflo- g*»-v 

t-/  i/  h^(x^  Ih  '  ^WELLNO.: 

I  S’ 00  _  —  e-f~t^  <5f  Cj  f  &ft--P^  —  -vt  t!  C.  _  /?-' 

C-fl^'^  )  M  /--y  ^  COMPLETED:  V?S~ 


HING£D  LOCKING 


ICF  KAISER 

ENaiNBBRS  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


ifUu^cf ^-=>0  Cu^cj^^/O 

/iu^k  ^  As/L^  M  SA  r 

rlt.^  -  ^9  e-  '  —  39 


Sf.  s'”  ^  ^  $r*^ 


^  y  rvAs^  -C^A:  r 

^  WELL  NO.:  fl1lA-CO 

I  S^'T  “  t  /'’js  I^A?  ^  c*— ^ 

^  y  f"Jj-  M  /v^  ar  date  COMPLETED:  _ 

r  u  fi-i  ‘■^u^-i~~^ 
^■h  fS'/-  J  , 

jLt  -pLc^sh  ^  k^ff’"  ^**0^  /  /  / 

4yl/  (4«  AJ-^  *7  - ^  ’^''• 


0^^ 


iOo--J^  <,0~-J ^  '<rH,  ‘/(^  S^/  ,  . 

^p  <r^  CxO'  i7<Z^ 
e^yCf ,  C^TyL.o'Ljf  ^  ^2^  f 

l^^~0  L<-P-  L  H  ff  ^  • 

^  •_/  ;  LS!^  /Us.  f,^  ‘^''y^ 

&P^  do'  ^ 

// 

~^_.  /.  ^^-c.o.  P^  t:^  co~^ 

*"  .jvv-T  rt  k>  hy>Ju4.  Y-^  ^'^-r~!r 

ijj  -j-r^u.<^  (S'  3^  • 

— L-^  -^/-t-^  iodfh  Ycni i^>-^  Z^A-yV  (Iz.^^jt' 

Ib^  i,^4-;k 

u4  y\>^. 

/vJ/V  '2— 

^  ^  h^  IbolL^  ?cn~fMJ^h:4^ 

ts  ^2-,^  ibs>  Cf oi.yjef-^1.^  ^ec^fc'*<-fer^^ 

Sl_  4^  ^  peH^, 

-  Mr^X  ^^^64  3> 

V  /OO  lli>^  M</t 

- — ^  Orr^A^  <^p_py\n~e^ 

^  _  )^S  [jfl^'a-oL:^?;  C  ^ 

J£i5  u4-  ^?|-- 

/^/  K'cZ  U^atf%€^  ::.  ,  j 

—  3/<w^  3  j  C^£^  1  J 

hj'^^^»'<J  /  e;/c  r  I 
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ICF  KAISER  ENGINEERS  (Continued) 

BORING  GENERAL  DATA  SHEET  p.golot 


iCF  KAISER 

mNatNEERB _ SHALLOW  MONiTORING  WELL  CONSTRUCTION  DIAGRAM 

I  (a 

-  k-h'k-  . 


WELL  NO.:  ^tJ-Co 
DATE  COMPLETED:  i±lnhl 
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ICF  KAISER  ENGINEERS  (Continued) 
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Iroci 


ICF  KAISER  ENGINEERS  (Continued) 
BORING  GENERAL  DATA  SHEET 


lecord  cored  intervals  in  this  column  if  drilling  bedrock. 


1/4-(NCH  OIAWlT-R- 
ORAJiNAGS:  PORT 


HINCEO  LOCKING 
CAP 


OVCRSIZ-D  P'/C 
WEIL  CAP 


CONCRETE  SLANKrr  * 
(MINIMUM  1“  SLOPE 
OVER  2’) 


•  mortar  collar  ^  pvc  protective  casing 

STICK  STICK  UP  2.5' 

UP 


8"  STEEL 
PROTECTIVE  CASING 


PROTECTIVE  I 

CASING  CONCRETE 

2.5'  I 


12.5"  DIAMETER 
BORE  HOLE 


4"  DIAMETER  - s 

PVC  SCHED.  40,  SOLID  CASING 


BENTONITE  SEAL  -  5'  MINIMUM 


SAND  PACK  - 
5'  ABOVE  WELL  SCREEN 


ROUT 


4"  DIAMETER,  .01"  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


4"  DIAMETER.  FLAT  BOHOMED.  ■ 
PVC.  SCHED.  40,  SCREEN  PLUG, 


10'  SCREEN 


SCREEN  PLUG  0.5' 


Z// 


SCALE  AS  SHOWN 


ICF  KAISBR 
BNaiNBeRB 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


Ue.((  ' 

/£>  '  5cA  <(Z>  OtO/ 


I  -- 


WELL  NO.: 


/Haj  6/ 


'  ■ 

[to  ^  y 

1-^/6  '■ 

Z.  -  ST?*  - 


DATE  COMPLETED: 
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Project:  tofi  p  /f  /  //=‘S 


Geologist:  ^ 


4cfro/t^ 


Date  Boring  Started:  n 


First  Encountered  Water  Level:  ^  -  ' 


Geophysical  Logging: 


Depth  to  Bedrock: 


Boring:  f/lu)- (fSO 


Signature: 


Completed: 


Date: 


Ground  Elev,:  — 


Boring  Completion  information:^^/flfg7  ^  Date:  /z/^/ ^ 

Time  Depth  of  Drilling 

Date  Per  Shift 


Start 

End 

Start 

o 

O^oO 

iooo 

loH^ 

IO<4-5' 

e 

I3>3^^ 

afe-Yo 

ISio 

Time 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

C 


Location  Sketch: 

T^Cy/‘<\4- 


Meaning 


t/eW 

cjrcrM 

Uji'f^ou4 

ftrccwi- 

oia*^h{ 

li'Hle. 

^Cr*U, 

7r#^  Cid  l4o(^ 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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All  measurements  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  U  mo{>  ^ 
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measurements  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  column 


iCF  KAISER 
ENGINEERS 


DEEP  MONITORING  WELL  CONSTRUCTION  DIAGRAM 
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All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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All  measurements  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  Inlen/als  in  this  column  if  drilling  bedrock. 


FVC,  SCHED.  80.  SCREEN  PLUG 

NOT  TO  SCALE 


tCF  KAISFR 
GNGJNBBRS 


DEEP  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.: 


DATE  COMPLETED: 
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*  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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Irilling  bodroci 


1^3  •  ^  oh  H 


PVC,  SCHEO.  40.  SCREEN  PLUG 


/r/?  KAISER 
ENOINEERS 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


((?*  ‘PV'C  S'C^^V  5:1^"^ 

f\/c  Sc  ^\p 

Z  fff"  farKt+Vw#' L^  WELL  NO.: 


DATE  COMPLETED:  *  7  folds' 
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All  measursmGnts  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  column  if  drilling  bedrock. 


WELL  NO.: 


DATE  COMPLETED:  /^/^j  h, 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET*  Page_Lof^^ 

_ _ _ ^ 


Project:  //-S 

Boring;  A(?.ee  <b(^ 

Geologist:  QM.Cb{Ai> 

Signature:  '^  4~ 

Driller  &  Company:  UiiijU 

Driilling  Rlg:jljy  /Ijoi?//;  g| 

Date  Boring  Started: 

First  Encountered  Water  Level:  /'J  f 

Date: 

Total  Fluid  Losses:  — _ 

Date:  - - 

II  Total  Fluid  Losses:  |j 

Casing  Type:  |:VC/  S(Lhduk 

Screened  Interval:  ^  *  f 

Geophysical  Logging: 

Date:  - — • 

Depth  to  Bedrock:  | 

Ground  Elev.: 

Date: 

Date 

Time 

Depth  of  Drilling 
Per  Shift 

m 

Time 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

Il/i3/<i5 

ii|<iH5 

09»5‘ 

1050 

I5AO 

lot's 

H30 

0 

0 

IT 

Z‘f.5’ 

au^  i 
CSVtMlOo 

xfgAi  tack 

'^jfph't  Sfxrj> 

V\;  5<u\d 

u>j 

1 

(i  5’oi> 

wvi> 

ni  ojn^ 

||  Abbreviations: 

Location  Sketch:  _  ,  i 

j/^r  ' 

-h. 

1  Abbreviation 

Meaning 

ck. 

H 

■kcAi 

S5YtU. 

OKd 

4 

nte.d- 

%. 

“fn- 

ClOAiiL 

'& 

SD/2/3 

50160 

cutd 

tWi^rr 

c^in 

Ti 

fme 

*  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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O 

CB 

a 


ii  hi 


I /i -INCH  DIAWETER- 
ORAJ.NAGE  PORT 


HlNGcO  LOCKING 
CAP 


OVIRSIZEO  P^K 
WELL  CAP 


CONCRETE  8l»JKET  ■ 
(MINIMUM  t“  SLOPE 
OVER  2') 


■  MORTAR  COLLAR  f  FVC 


PROTECTIVE  CASING 


STICK  STICK  UP  2.5* 
UP 


ar*  STEEL 
PROTECTIVE  CASING 


12.5"  DIAMETER 
BORE  HOLE 


A"  DIAMETER  - s 

PVC  SCHED.  40.  SOUD  CASING 


4"  DIAMETER.  .01’  SLOT  - 

PVC  SCHED,  40.  WELL  SCREEN 


PROTECTIVE  I 

CASING  CONCRETE 

2.5’  I 


_ _ 

BENTONITE  SEAL  -  5*  MINIMUM 

}  SAND  PACK  - 

1  5’  ABOVE  WELL  SCREEN 


10*  SCREEN 


SCREEN  PLUG  0.5’ 


4"  DIAMETER.  PLAT  BOHOMED.  - 
PVC.  SCHED.  40.  SCREEN  PLUG 


SCALE  AS  SHOWN 


'^Naif^Bens  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.: 


DATE  COMPLETED 


:  llb/4^ 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page_l_of 


Project: 


Geologist: 


Driller  &  Company:  fki 


Date  Boring  Started:  lljloMs 


First  Encountered  Water  Level:  (p 


Total  Fluid  Losses;  - 


Total  Fluid  Losses:  - - 


Casing  Type:*^^ 


Geophysical  Logging:  i\Jo 


Depth  to  Bedrock: 


Boring  Completion  Information:  4**  Mffniortm 


Time  Depth  of  Drilling 

Per  Shift 


Boring:  C/^££e  4) 


Signature: 


hwiWiJIlm 


Completed:  f///o/^5 


Date:  U  no  RS 


Screened  Intenral:  (q-  Kp.Q  ft* 


Date:  - - 


Ground  Elev.: 


Date: 


u/ioh^  1520  ftolS" 


Time  I 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

Abbreviations: 


Abbreviation 


V  \ivru 

Tvx 

^\.<d} 

It)/  lP^H^ 

id/e  coi4m4 

^  cupp^ct 
-ii-MX  ^bho 

li-rik  Wzo 

S  0 

cu\.cl  €oj^6 
^  OM-d 
<Yciu^ 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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BORING  GENERAL  DATA  SHEET 
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moMuiamonls  should  bo  rocordod  in  fost  or  lonihs  o(  leel.  rHSbord  corad  in(aiv.b  in  this  column  il  drilling  bedroci 


n>  --\i-,o  l//be  2" Mk  'iv  ,  /Agrut'e  c- 


go  It  ^  I  ^ojtfD  Stiiiu,  . 

hatkeis.  "  i>p^-f-‘^''k  /’iile-fsr 

;-  ip'  P'P/  A^ii  Uo  slt4^  ,C(rAr^—  ^‘/"3 
\-  to'  ffC  XckclO  (./'"  nV^r 
/-  berfif^ 

j-  /ce  K  ^  ^  • 


WELL  NO.: 

DATE  COMPLETED:  JlilJLii/ 
iJvpO  f  ftfy^  tu.celu^r\ 

e  -/y ' 2- 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 
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feet  or  tenths  of  feot.  /  Hocord  cored  Intervals  in  this  column  if  tfrilling  bodroci 


ICF  KAISER  ENGINEERS  (Continued) 
BORING  GENERAL  DATA  SHEET 


I  b0-!-(tA^\ic 

/3  /’-'^ 

/:&.  s^  Vi>  ip^cx*  **  ^IoHh/  ~  /O  ''^' 

/  <^  ^  ^40 

Z-'  hrH*-^  Cpv^) 


WELL  NO.:  /*tU-’C“B 

ff/oi/ff 


I  fjc(l  c^  ^ 


a 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page  1  of  H 


First  Encountered  Water  Level: 


Total  Fluid  Losses:  O 


Total  Fluid  Losses:  O 


Casing  Type;  </"  Sc^H^ 


Geophysical  Logging:  /V/j 


Depth  to  Bedrock: 


Boring  Completion  Information:  ‘ 


Ground  Elev,; 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


moasuremenis  should  be  rocordod  in  foot  or  tenths  ot  feet.  i  Hecord  cored  inleivals  in  this  column  il  drilling  bedroci 


uJlJU 


/  -  to'  H"lp  P<^'-  0>o(  •' 

a-  to'  'r'iD^‘A  rr's^ 

I  -  SI'  t/''  ^CU  Vo  five  A^er 

5S  lb'  ^o/Yo 

j  ,  V*  fO  *1^5/  c  c—^ 

(  ~~  / o  t-f\  ■'^ 


WELL  NO.:  Al‘\J-'lfl 


DATE  COMPLETED: 


<0^  0^7  '  O 


\co>J .  f  ^  *j^  /  V  ^  ^ 


ICF  KAISER  ENGINEERS 
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All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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moosuromonls  should  bo  recorded  in  leet  or  tenths  of  leel  <  Hacoid  cored  inteivals'ln  this  column  II  drilling  bedrocl 


ICF  KAISER  ENGINEERS  (Continued) 
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/  lykckM' 


WELL  NO.:  /^^~'7o 
DATE  COMPLETED:  I'jO^S' 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page  1  of i 


Project:  g.l/P'S  _  J  Boring: 


Geologist:  ^(yY,cx/\o Stogys 


Driller  &  Company:  -  lAoberj 'Jl^rLi  j  loro _ _ 


Date  Boring  Started:  U  I  OH 


First  Encountered  Water  Level;  Q  fj- 


Total  Fluid  Losses: 


Casing  Type:  SthJiciulQ. 

Geophysical  Logging:  n  /a 
Depth  to  Bedrock:  n/a 


Screened  Interval:’ ng*’  j C f ^  I  T, 

Date:  - - 

Ground  Elev.: 


Time 

Depth  of  Drilling 

Date 

Per  Shift/f^; 

Start 

End 

Start 

End 

1030 

1130 

0 

15  - 

(300 

i<i20 

0 

l(p  ^ 

61 OQ 

Abbreviations: 

1  Abbreviation 

Meaning 

V- 

trnc 

ryfed. 

rvicx/iovH 

perccni 

w 

UJt4h 

ujiaui 

lOi'fhcuf 

% 

/org^ 

“Tl  W 

V»p  iAft>  i 

ide 

“Toy 

-trip  ovd-  , 

gfwte. 

CLnd 

<^c/ 

eb/so 

=?o/ro) 

-fr 

sc»u. 

(no!  so) 

Of,. 

iifUe. 

C^olzo) 

Oipfyi'Ocfj 

M  D^te:  il 
Time 


Depth  of  Drilling 
Per  Shift 


Location  Sketch: 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


moosuromonls  should  bo  rocotdod  in  loot  or  iBnIhs  of  loot  <  Hocord  cofod  Intocvals  in  this  column  If'drilllng  bodroci 


*1  sand  (2o/<io)~  (3  ba^s 
Shor'&l  ^/s"  -  /^ 

^  ^  txA-Wte) 

Pl'C  SejaM  </6  nW-  to  ^ 

Tl/C  Sc/udiiia  '/o  souan-  /O  4 

^^(7  vx  "  (S<M2A  C.6  fh  SiCtu'-O 

n/os/q^ 


WELL  NO.:  MW'^^ 


DATE  COMPLETED: 


^ge  3  of  ^ 


U'Y5^  ?A<Urv\(\  Qj!,wain.+-  .  OoxieJ)-'  ^  ^ 

'  rn^cy  b  <%  iJOcdtA  .  LOQ:^  Ca4u^ 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET*  Page_Lof_y 


Proiect;  URF- 

Boring:  fjf]  \/J  2 — 

Geologisv^X^/c  / 

Signature: 

Driller  &Companyr/;  ‘a, >c-<L_  / 

mmnmm 

Date  Boring  Started:  j  f /  /  5 

Completed:  uhzf^S 

First  Encountered  Water  Level:  fO 

Date:  - 

Total  Fluid  Losses:  — 

Date; - 

Total  Fluid  Losses: 


Casing  Type;  p[/C. 


Geophysical  Logging: 


Depth  to  Bedrock:  / 


Boring  Completion  Information: 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


monsuromonlii  should  bo  rocordod  in  (sol  or  lonihs  ol  loot  rMocord  cored  inleivals  in  this  column  il  drilling  Udrocl 
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measurements  should  be  recorded  in  feet  or  tenths  of  feel.  <  Record  cored  intervals  In  this  column  if  drilling  bedrocl 


3  0^ck^Tj 

1^0  ^  /  2^/ y-o  j" z-*-^  C- 

7o'  o.i‘*jU^  Jc/vtj^  y^'Oa 

/’✓c  /z/;zK_  v'^dz? 


WELL  NO.: 

DATE  COMPLETED:  uhshs- 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


Pagej_of_^ 


Project:  W/JF  RI/F5 

Boring:  hAYY-J^ 

GeologistrOACfc  CUoYno^sN  /OgNMiS  BAW^ 

Signature:  hl/TI 

Driller  &  Company:  Rick  Rioep-  / HAKDN  WB£fl , 

I,T  ^ _ > 

Drilling  Rig:  B-57 

Date  Boring  Started:  1 1 S 

Completed:  Ill30/Cj^ 

First  Encountered  Water  Level:  f  ^  ' 

Date:  1  l/3ol9^ 

Total  Fluid  Losses:  |\(^ 

Date:  ^ — 

Total  Fluid  Losses:  ■“j| 

Casing  Type:  pvc  SCHEDULE  4o 

Screened  Interval:  1 3.  ^  ~  ^  ^ 

Geophysical  Logging:  KoNE. 

Date:  ^ 

Depth  to  Bedrock:  NdNJE  BNCOiy/\JTEQ£0 

Ground  Elev,:  — • 

Boring 

Completion  Informa 

Co/VfkroJ  Cl^  /r>  a  ^ ;  Uf-  n 

Date: 

Date 

rime 

Depth  of  Drilling 
Per  Shift 

Date 

■7 - - - 

Time 

Depth  of  Drilling 

Per  Shift 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

'i/33/35 

5  i5S6 
0746 

OB(0 

1700 

oZol 

\zo3 

0 

0 

0 

IS' 

iS' 

25' 

_ 1 

4-.  25  *  I 

8  I' 

£)  MSA  1 

MSA  c 

5PUT^P£ 

»»M  1577  ') 

11  Abbreviations: 

Location  Sketch- 

I  Abbreviation 

Meaning 

f 

pCJ 

X 

£J/ 

7=>/?c 

■^irk 

■3XfV”-^7t 

K 

l-A. 

1 

\ 

// 

r  "V 

All  depth  measurements  should  be  in  feet 


or  tenths  of  feet. 
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Project:  Wjep  R(/F3 

Boring:  MvV'7.5 

Geologist: / DENNIS  BAfS 

Signature:  /n ^ 

Driller  &  Company:  p/cR  / MARPN  /N'C- 

Drilling  Rig;  B^S7 

Date  Boring  Started:  •  1 

Completed:  \l  13  0/ 

First  Encountered  Water  Level:  i  3  ' 

Date:  ^^l3o(^b 

Total  Fluid  Losses: 

Date:  ' — 

II  Total  Fluid  Losses:  ^/Ik  || 

1  Casing  Type:  PVC  SCHliDL'lE  40 

Screened  Interval:  1 3. 5“  23-5  | 

Geophysical  Logging: 

Date: 

Depth  to  Bedrock:  NdNiE  ENCOUNTTPeO 

Ground  Elev.:  — ^ 

Boring  Completion  Information:  Qornf  Cu^ 

Date:  //  /3o 

Date 

Time 

- 1 

Depth  of  Drilling 
Per  Shift 

Date 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

1 

nl3of% 

}5SC 

o74S 

oBto 

Hoo 

oZ^l 

MoB 

6 

O 

)5' 

IS' 

2S' 

4-.  25  *  X 

I' 

'  MSA  0 

15 -f7 

1 

1  Abbreviations: 

Location  Sketch: 

p  f 

1  Abbreviation 

Meaning 

pCJ 

X 

V 

7o/?c 

OjCi/y^Ari 

K 

1 — V- 

1 

1  \  k  r.uj-'h' 

'iv'  ^ 

All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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moQsuromonts  should  bo  rocordod  in  foot  or  tenths  of  foot.  <  Record  corod  intotvois  In  this  column  if  drilling  bodroci 


le  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  column  if  drilling  bedrock. 


WELL  NO.: 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET*  Page_Lof  t 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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Hocord  corod  inloivals  in  this  column  il  drilling  bodrock. 


7 '7  j-  d-f-  ^ 


!/i-!NCH  OU.umS- 
CR/i.V.Gi  ?CrJ 


riNG'G  LCCXINC 


Cv^.^Sl^'O  ^/C 
Wi*J_  C^P 


CONCHHTE  3LiN:<r  • 
(WiNl.MUM  r  5LOF£ 
O'/^R  2') 


1  ^  1 

_ . . 

mortar  collar  I  p>;c  I— lA^uNG 

STICK  5T:c:<  up  is 
UP 


0  STEiL 
PROTECTIVE  CASING 


PROTECTIVE  I 

CASING  CONCREi 
2,5*  I 


12.5’  DIAMETER 
BORE  HOLE 


4"  DIAMETER  - 

FVC  SCHED.  40,  SOLID  CASING 


60]a/L 


4"  DIAMETER.  .01’  SLOT  - 

FVC  SCHED.  40.  WELL  SCREEN 


4’’  DIAMETER.  PUT  BOTTOMED. 
PVC.  SCHED.  40.  SCREEN  PLUG 


I - 

f  BENTONITE  SEAL  --  5* 

L _ _ _ 

f  I  SAND  PACK  -  ^ 

1  5*  ABOVE  WELL  SCREEN 


10*  SCREEN 


SCREEN  PLUG  0.5* 


SCALE  AS  SHOWN 


!CF  KAISFR 
BNBINBBRS 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.: 


DATE  COMPLETED: 


First  Encountered  Water  Level:  0 


Total  Fluid  Losses: 


Date:  n 


Date: 


Geophysical  Logging:  ^  ^ 


Boring  Completion  Information:  I/"  {jJill 


Time  Depth  of  Drilling 

Per  Shift 


Start  End  Start  End 


imfls  f5ts  o  Zo^ 

ii/oq/<}s  /o'5b  O  2 <5. S'  cl, 


Abbreviations: 

Abbreviation 


Meaning 


loj'O 


'  _ 

S'Ols* 

7»/> 

friY  J^Tb 
^(0/^  'Tfit'paur 
i  ami 
iiU,(!  nud(i'« 

a  at 


'  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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moasuromonls  should  bo  rocoidcd  in  fool  or  tonlhs  ol  (®el.  rFTecord  cored  Intervals  In  this  column  II  drilling  bedroci 


ICF  KAISER  ENGINEERS  (Continued) 
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1/4-lNCH  OIA.VJEJ1R- 
CRAlNAGc  PORT 


KINGEO  LOCKING 
CAP 


OVERSIZED  P'/C 
WELL  CAP 


CONCRETE  aiANKET  ■ 
(WINIMUM  f  SLOPE 
OVER  2‘) 


i 

_ 

mortarcolwr  ‘pvc  p^^o'^ctwe  casing 
STICK  stick  up  2.d‘ 
_ UP 

r--l  j _ 

i  1 


8"  STEEL 
PROTECTIVE  CASING 


PROTECTIVE  I 

CASING  CONCRETE 

2.5*  1 


I  I 

- - 1- 


12.5’  DIAMETER 
BORE  HOLE 


A  DIAMETER  - ^ 

PVC  SCHED.  40.  SOLID  CASING 


BENTONITE  SEAL  -  S'OilNiMyW-  gV 

_ _ 

‘  SAND  PACK  -  -  *7 

5-  ABOVE  WELL  SCREEN 


4"  DIAMETER.  .01’  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


SAND 
•'V:  PACK 


10’  SCREEN 


SCREEN  PLUG  0.5* 


4**  DIAMETER.  FUT  BOHOMED.  * 
PVC,  SCHED.  40.  SCREEN  PLUG 


SCALE  AS  SHOWN 


B^anfisBRS  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


Page  1  of ^ 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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moasuromonts  should  bo  recorded  in  feat  or  tenths  of  feet.  ~  <  Record  cored  inte^als  in  Ihis  column  if  drilling  bedroci 
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All  measurements  should  be  recorded  in  feet  or  tenths  of  feet.  t  Record  cored  intervals  in  this  column  if  driiling  bedrock. 
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ICF  KAISER  ENGINEERS  (Continued) 
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WELL  NO.: 


DATE  COMPLETED:  JJjJo_^'g 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET*  Page_Lofl 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


UJ 
LU 
03  X 
X  03 
UJ  <r 
UJ  S 

o  o 

Z  _l 
UJ  < 


rr  DC 
m  UJ 


gC3 

O  ? 

~  cc 
o 
m 


%  3c/ 3 


1 /4-INCH  OIA.v^£TIr^- 
ORAJHAGc:  PORT 


HlNGcO  iCCKiNG 
CAP 


OVeRSlZiO  P'/C 
WELL  CAP 


CONCRETE  8LANKCJ  ■ 
(MINIMUM  r  SLOPE 
OVER  2‘) 


■mortar  COL'^R  ‘  P^VC  CASING 

STICK  STICK  UP  2.5' 

UP 


ar  STEEL 
PROTECTIVE  CASING 


12.5"  DIAMETER 
BORE  HOLE 


4"  DIAMETER  - ^ 

PVC  SCHED.  40.  SOUD  CASING 


4"  DIAMETER.  .01"  SLOT  - 

PVC  SCHED.  40,  WELL  SCREEN 


PROTECTIVE 

CASING 

2.5‘ 


CONCRETE 


BENTONITE  SEAL  -  5‘  MINIMUM 


SAND 
5‘  ABOVE  V 


PACK  - 
WELL  SCREEN 


SAND 

PACK 


10’  SCREEN 


SCREEN  PLUG  0.5’ 


4’*  DIAMETER,  FLAT  BOHOMED.  - 
PVC.  SCHED.  40.  SCREEN  PLUG 


SCALE  AS  SHOWN 


SNOINCSRS  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 
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Project:  I?  F  1^1  f FS 


Boring:  Mil(-'77  l) 


Geologist;  ^vk^o/ 

7/  i7  .  , 


SlgnatureLcJbhtri^  ^ 
5min( 


Driller  &  Company:  ^irk,  M(SniO 


Drying  Rig:/l1oh’fe  6-5^ 


/?rv 


Date  Boring  Started:  //y^O 


Completed:  ||^2d/^: 


First  Encountered  Water  Level:  ^  fh. 


Date: 


'■•  Ill3.0h5 


Total  Fluid  Losses: 


JL/2 


Date:  * 


Total  Fluid  Losses: 


ic/g 


casing  Type: Vb 


Screened  Interval:  -  Ub.  6  f\- 


Geophysical  Logging:  ^ 


Date: 


Depth  to  Bedrock:  ^  ^ 


Ground  Elev.: 


Boring  Completion  Information:  V"  Hbhi/rTK/Ktf 

I  I  I  - ^ 


Date 


Time 


Start 


End 


Depth  of  Drilling 
Per  Shift 


Start 


End 


ilM. 


Date: 


Date 


Time 


Start 


End 


Depth  of  Drilling 
Per  Shift 


Start 


End 


ii(zoj‘}5 

iijzahsl 


mo 

rzcD 

1315 


IZOO 
6>iet(  A 

154*?^^ 


O' 
O' 


SS^‘ 

Hp.o‘ 


\lJiUii 


1 


■S^ 

Oil 

ikJlid 


9',  ap/.^ 


OYiA\ 

Hd  ten 


L5il»1  Vt  IfPvb 


Abbreviations: 


Location  Sketch: 


Abbreviation 


A/f 


Meaning 


-h<jt 

9o/io 

mu 

-70/so 

OJU/ 

5b/^0 

< 

A 

/vie 

r 

Zfprtxtn 

Viru 

Ik 

ch^t. 

«/ 

ttJi'A 

kJlo 

(jOLH^cnd 

All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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/A  10  V^t  tiser 

I  *  10'  ?ve 

I  X  O.S'  FW.  SCMin 


5 


t/4-lNCH  DIAWETiR’ 
DRAJ.NAGE  PORT 


HlNGcO  LOCKING 
CAP 


OveRSlZtD  P'/C 
WELL  CAP 


CONCRETE  BLANKET  * 
(MINIMUM  1“  SLOPE 
OVER  2') 


MORTAR  COLLAR  I  pvc  ^^OTZClNZ  CASING 
1  STICK  I  STICK  UP  2.5' 

UP 


r  STEEL 
PROTECTIVE  CASING 


12.5"  DIAMETER 
BORE  HOLE 


4"  DIAMETER  - s 

PVC  SCHEO.  40.  SOUO  CASING 


4"  DIAMETER,  .01"  SLOT  - 

PVC  SCHEO.  40.  WELL  SCREEN 


PROTECTIVE  1 

CASING  CONCRETE 

2,5’  I 


BENTONfTE  SEAL  -  5’  MINIMUM 


SAND 
5’  ABOVE  V 


PACK  - 
WELL  SCREEN 


I 


SCREEN  PLUG  0.5' 
_ 


4"  OlAMaER.  FLAT  BOTOMED.  • 
PVC.  SCHED.  40.  SCREEN  PLUG 


SCALE  AS  SHOWN 


iCff  KAISeR 

BNtSINBBRB  SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


WELL  NO.: 


DATE  COMPLETED:  ii/zohs 


ICF  KAISER  ENGINEERS 

iff 

BORING  GENERAL  DATA  SHEET* 

Page_Lof_^ 

Project:  UJfiF  hi  /pg 

Geologist:  J',  _ 

Driller  &  Company:  _ 

Date  Boring  Started:  n  / ,^  /7  r 
First  Encountered  Water  Level:  7  * 


Total  Fluid  Losses:  Q 


Boeing:  _ 

Signature: 


All  depth- measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET  Pago^o 


maosuroments  should  b®  recorded  in  leal  or  tonlhs  of  feet.  cored  mtervafs  In  tWs  column  if  drilling  bedroci 


ICF  KAISER  ENGINEERS  (Continued) 

BORING  GENERAL  DATA  SHEET  Pngo^otJ:/ 


measurements  should  be  recorded  in  feet  or  tenths  of  feet.  t  Record  cored  intervals  in  this  column  if  drilling  bedrock. 


WELL  NO.: 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page_Lof_y 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


moosuromonis  should  bo  recorded  in  leel  or  tenths  o(  leel.  <  Record  cored  intervals  In  this  cblumn  11  drilling  bsdroci 


ICF  KAISER  ENGINEERS  (Continued) 

BORING  GENERAL  DATA  SHEET  Pngo3,o( 


WELL  NO.:  flfU)-9? 
DATE  COMPLETED; 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page  1  of  ^ 


Project:  u)RP^ 


Geologist:  S 


Driller  &  Company:  _ 

Date  Boring  Started:  n  //T'/^s' 


First  Encountered  Water  Level:  -i-  y ' 


Total  Fluid  Losses:  O 


Total  Fluid  Losses:  O 


Casing  Type:  ^ ScA  7^ 


Geophysical  Logging: 


Depth  to  Bedrock: 


Boring  Completion  Information:  Cje/J 

Time  Depth  of  Drilling 


Afu^  - 


Depth  of  Drilling 
Per  Shift 


Drilling  Rig: 


Completed:  ////^/fr' 


Date:  ^V/^/yr 


Screened  Interval:  &  -  /  6  ^ 


Ground  Elev.: 


Date: 

Time 


Abbreviations: 


Abbreviation 

‘7 
^1 
w/p 

% 

lolc^ 

^o/sz> 


Meaning 


T?-f  ^ 
ote^c^  HrAp 


'  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


1 /4-INCH  OlAWcHR- 
DRAINAGE  PORT 

concrSjI  blanket  - 

(MINIMUM  I'  SLOPE 
OVER  2') 


HINGED  LOCKING 
CAP 


4*  DIAMETER 
PYC  SCHED.  80.  SOLID  CASING 

BOnOM  OF  CONFINING  UNIT 


4  DIAMETER.  .01  SLOT 
PVC  SCHED.  80.  WELL  SCREEN 


4'  DIAMETER.  FIAT  BOTOMED. 
PVC.  SCHED.  60.  SCREEN  PLUG 


OVERSIZED  P/C 
WELL  CAP 

r-  mortar  COLLAR 


PROTECTIVE  CASING 
STICK  UP  2.5‘ 


PROTECTIVE 

CASING 


BENTONITE  SEAL  -  5'  MINIMUM 


SAND  PACK  -  20-40  SIEVE  SIZE 
5'  MINIMUM  ABOVE  WELL  SCREEN 


SCREEN  PLUG  0.5‘ 


NOT  TO  SCALE 


Eifan^EERS  deep  monitoring  well  construction  diagram 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page  1  of 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET  Pagoj_oi 


l/i-INCH  OU.vjcjiR’ 

oraj.nag£  port 


H1NG£0  LOCKING 
CA? 


OViRSl2£D  .^;C 
WELL  CAP 


CONCRETt  aiANKET  ■ 
(MINIMUM  r  SLOPE 
OVSR  2’) 


MORTAR  COLLAR  “  Pf^OtJLCTlVE  CAc>ING 

STICK  STICK  UP  2.5' 

UP 


8”  STEEL 
PROTECTIVE  CASING 


PROTECTIVE  I 

CASING  CONCRETE 

2.5'  I 


12.5"  DIAMETER 
BORE  HOLE 


4  DIAMETER  - s 

PVC  SCHED.  40.  SOLID  CASING 


BENTONITE  SEAL  -  5*  MINIMUM 


-Llii 


SAND 

,  5*  ABOVE  V 


1  PATW  _ 

WELL  SCREEN 


4"  DIAMETER.  .01’  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


SANO 

PACK 


10*  SCREEN 


SCREEN  PLUG  0.5' 


4"  DIAMETER.  FIAT  BOTTOMED.  - 
PVC.  SCHED.  40.  SCREEN  PLUG 


SCALE  AS  SHOWN 


ICF  KAISER 
eNBINBBRS 


SHALLOW  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


Well 

Lfo  0,(7 1  -Sc  i 
M-o 

IS 


2/«  ■Lca,( 


WELL  NO.: 


in  I 


DATE  COMPLETED:  /  /  //&/?! 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


Pagej__of^ 


All  depth  measurements  should  be  In  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
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ICF  KAISER  ENGINEERS  (Continued) 
BORING  GENERAL  DATA  SHEET 


measurements  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  colurnn  if  filing  bedrock. 


ICF  KAISER  ENGINEERS  (Continued) 
BORING  GENERAL  DATA  SHEET 


Record  cored  intervals  in  this  column  if  drilling  bedrock. 


WELL  NO.: 


DATE  COMPLETED:  /2 


-10.- 


iCF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


Page_Lof_^ 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


1/4-lNCH  OlAWETIR- 

orajnage  port 

CONCR£jt  8WNKrr  • 
(MINIMUM  r  SLOPE 
O'/HR  2‘) 


kinged  LCCKiNC 
CAP 


CvIPSiZED  PK 
WELL  CA? 

^  MORTAR  COLLAR 


1  PROTECrr/E  CASING 

I  STICK  UP  2.5’ 


S’  STEEL 
PROTECTIVE  CASING 

ir  SCHEDULE  20  CARBON 
STEEL  CASING 

14"  OlA.  BOREHOLE  - 
10*  DIAMETER 
BORE  HOLE 

TOP  OF  CONFINING  UNIT 


4*  DIAMETER 
PVC  SCHED.  80.  SOLID  CASING 


PROTECTIVE 

CASING 

2.5’ 


BOnOM  OF  CONFINING  UNIT 


4’  DIAMETER.  .01’  SLOT 
PVC  SCHED.  80.  WELL  SCREEN 


4'  DIAMETER.  FIAT  BOHOMED. 
PVC.  SCHED.  80,  SCREEN  PLUG 


BENTONITE  SEAL  -  5’  MINIMUM 


'  SAND  PAC 

,  5’  MINIMU 


PACK  -  20-40  SIEVE  SIZE 
MINIMUM  ABOVE  WELL  SCREEN 


SCREEN  PLUG  0.5’ 


NOT  TO  SCALE 


DEEP  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


u;^ii  , 

1^1  To  i'j 

IXI  ill's  ofir  ^  ■  S'!,  ,  frc.^  U 

^  ti  I 

.3. a  -/-Li, 

1C  iLo/QvV- 


WELL  NO.:  ^  ^ 


DATE  COMPLETED: 


.  i-i-hh 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET*  Pagej_of  J 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
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moasutomonls  should  bo  tocofdod  in  leet  or  tenths  ol  leel.  <  Hecotd  corod  inleivals  in  this  column  ii  drilling 


ICF  KAISER  ENGINEERS  (Continued) 
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IGF  KAISER  ENGINEERS  (Continued) 

BORING  GENERAL  DATA  SHEET  Pagoj^oljj: 


All  measurements  should  be  recorded  in  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  column  if  drilling  bedrock. 


WELL  NO.: 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page  i  ofS 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


moosuromcnts  should  bo  recorded  irTfoet  or  tonlhs  of  feet.  <  Record  cored  intervors  In  tHiis  column  ii  drilling  bodroci 


ICF  KAISER  ENGINEERS  (Continued) 
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ICF  KAISER  ENGINEERS  (Continued) 
BORING  GENERAL  DATA  SHEET 


fi 


j  CL  5  P 

-S  < 

S  0 


sll 


i  'i 


L  g 


o  ^  i£  ^ 


4 

7 

1 


OB 

i?r 


WELL  NO.:  M'A/'-05 

ilhl'if 


DATE  COMPLETED: 


iCF  :<AI3ER  ENGINEERS 
SORING  GENERAL  DATA  SHEET' 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


inonsiMotnonlr.  slioiilil  Ijn  i>.cottlo(l  in  loni  ot  lonlhs  ol  lool.  riincoid  cotod  IrUcfvels  Ih'llils  column  II  drilling  bjdiocl 


<  Record  cored  intervals  in  lliis  column  if  drilling  bedrock. 


in  feel  or  lenlhs  of  feel.  <  Record  cored  intervals  in  this  column  if  drilling  bedrock. 


ICF  KAISER  ENGINEERS  (ConllnuGd) 
BORING  GENERAL  DATA  SHEET 


All  measurements  should  be  recorded  in  leel  or  lenihs  ol  leel.  <  Record  cored  intervals  in  this  column  if  drilling  bedrock. 


All  friGnsuromonts  should  he  recorded  in  (eel  or  lentils  of  (eel.  <  Record  cored  intervals  In  this  column  if  drilling  bedrock. 


DATE  COMPLETED: 


Well;  /yiUj—S^'? 

Date  Staned: 

Date  Completed: 

- —  -7 

Location: 

Well  diameter  (in) 

ESTINLATED  RECOV'ERY  R.ATE 

Borehole  diameter  fin) 

Filter  pack  length  (ft) 

, - 

1  Height  of  stickup  (ft) 

/Z- 

Total  Depth  fft) 

So, 5" 

1  \ 
j  Actual  total  depth  (ft)!/^*^  ) 

Est.  depth  to  water  (ft) _ 

Zo 

1  Actual  depth  to  water  (ft) 

Est.  water  coluiim  height  (ft) 
Est.  extraction  volume  (gal)  _ 


30O 


FLUID  LOSSES  DURING  DRILLLNG  (gal) 
EXTRACTION  VOLUME  FACTORS 


Actual  water  column  height  (ft)  ^*[3  r 
Actual  extraction  volume  (gal) _ I 

-MCh _ 


13 


rja. 


5  TLMES  WELL  VOLUME  (gal) 
^IMES  FLUID  LOSSES  (gal) 


'  r»  TT 


REQUIRED  EXTR.4CTION  VOLUME  = 


/  2>o 

+ 

= 

— 2-:;^ - 

^extraction  volume  (gal)  =  5x[^rr^^,^H^,v•^_  +  0.37r(rb^  ■  r^v‘)Hpp]x7.48  gal/ft^ 


STABILIZATION  DA'I'A 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET’ 


*  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


ICF  KAISER  ENGINEERS 
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F  KAISER  ENGINEERS  (C 
BORING  GENERAL  DATA 


ICF  KAISER  ENGINEERS  (Conllnucd) 
BORING  GENERAL  DATA  SHEET 


All  moasuroments  should  be  recorded  in  feel  or  lenths  ol  feel.  <  Record  cored  intervals  In  this  column  if  drilling  bedrock. 


ICF  KAISER  ENGINEERS  (Continued) 
BORING  GENERAL  DATA  SHEET 


in  this  column  it  drilling  bedrock. 


ICF  KAISER  ENGINEERS  (Conllnued) 
BORING  GENERAL  DATA  SHEET 


lecord  cored  intervals  in  Ihis  column  if  drilling  bedrock. 


Cr.iJNAG£  r‘Zr’ 

coNC^n  sUiNxrr  - 
(minimum  r  3LC=£ 
O'.'R  2*) 


o  :>  I  ::iL 
PROT-Crr.-E  CASING 

ir  3CH£0Ul£  20  'CARSON 
ST££L  CASING 
OtA.  30R£HCL£  “ 
icr  CtAMSTIR 
SOr?£  HOLE 

TCP  Or  CONFINING  UNIT 


4*  0UM£T£P  —V  fm 
PVC  3CH£0.  30.  SOUO  CASING 


3C7TOM  or  CONFINING  UNIT 


4*  0IAW£T£R.  .CT  SLOT 
rVC  SCHEO.  30.  WELL  SCREEN 


4'  DIAMETER.  rUT  BOTTOMED. 
RVC,  SCHED.  30.  SCREEN  .^LUG 


/—  MCE  A.=  ZZ'-J^^P, 


STICK  STICK  U? 


PROTECTIVE 

CASING 

2.5' 


IT: 


I  BENTONITE  SEAl  -  5*  MINIMUM 

{  f  SAND  RACK  -  20-40  Si0/E  SIZE 

I  I  5*  MINIMUM  ABOVE  WELL  SCREEN 


SCREEN  PLUG  0.5' 


NOT  TO  SCALE 


fCf^  KAiSBR 

ENGINEERS  DEEP  MONITORING  WELL  CONSTRUCTION  DIAGRAM 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Boring:  PZ'3 


Pagej_of4- 


Prolect;  mf  R1/F5 


Geologist:  J .  CH  OVWovV5K  //d  •  6^^  Signature: 


Driller  &  Company:  R/CK  R/O£je/H4RP/N'HU0£R,  INC- 


Date  Boring  Started:  iZA/fiS 


First  Encountered  Water  Level:  )£  ^ 


Total  Fluid  Losses:  N/A 


Drilling  Rig:  8  “57  Mc?FIl£ 


Completed:  |2/|j^5 
Date:  /2A/35 


1  Total  Fluid  Losses:  H/A 

Casing  Type:  Pyt  SCHBPVC640  2'* 

Screened  Interval:  72,^12' 

Geophysical  Logging:  NloNF 

Date:  , - 

Depth  to  Bedrock:  MoT  ENCOUAJrERED 

Ground  Elev.:  * - 

*  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


moQsuromonls  should  bo  rocordod  in  feot  or  tenths  of  feot.  <  Record  corod  intervals  in  this  column  if  drilling  bodroci 


ICF  KAISER  ENGINEERS  (Continued) 
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WELL  NO,:  Pl-3 
DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page  1  of _ 


'  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


1/-1.-INCH  DlAMrTER” 
DRAINAGE  PORT 


HINGED  LOCKING 
CAP 


CViRSlZiD  P'.C 
WEL^  OP 


CONCRETE  BLA.NKHj  * 
(MINIMUM  t*  SLOPE 
OVER  2’) 


6'  STEEL 
PROTECTIVE  CASING 


10.25’  DIAMETER 
BORE  HOLE  ■ 


2“  DIAMETER  - ^ 

PVC  .SCHED.  40.  SOLID  CASING 


2*  DIAMETER,  .01’  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


^MORTAR  COU-AR  PVC  PROTECTIVE  CASING 

JV  S^CK  STICK  UP  2.5’ 


PROTECTIVE  I 

CASING  CONCRETE 


BENTONITE  SEAL  -  5*  MINIMUM 


5‘  AE 


SAND  PACK  - 
ABOVE  WELL  SCREEN 


10‘  SCREEN 


SCREEN  PLUG  0.5’ 


2*  DIAMETER,  FLAT  BOHOMED.  * 
PVC.  SCHED.  40.  SCREEN  PLUG 


SCALE  AS  SHOWN 


/CF  KAISeR 
ENGINEERS 


PIEZOMETER  CONSTRUCTION  DIAGRAM 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET*  Page_Lof3 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


VO 


?a.  3  of3 


l/i-!NCH  OlAMETEf^- 
ORAiiNAGE  PORT 


HINGED  LOCKING 
CAP 


OVERSIZED  r'/c 
WELL  CAP 


CONCRETE  BLANKET  • 
(MINIMUM  r  SLOPE 
OVER  2') 


i 

<0.2* 

T  <3‘*D 


■MORTAR  COLLAR^  pv/C  P^OiiCtlVi  CAS.NG 
STICK  STICK  UP  2.5' 

UP 


6*  STEEL 
PROTECTIVE  CASING 


PROTECTIVE  1 

CASING  CONCRETE 

2.5’  I 


10,25'  DIAMETER 
BORE  HOLE  • 


2-  DIAMETER  - v 

PVC  .SCHED.  40.  SOUD  CASING 


2*  DIAMETER.  .01'  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


2'  DIAMETER,  FLAT  BOHOMED,  - 
PVC.  SCHED.  40,  SCREEN  PLUG 


BENTONITE  SEAL  -  5’  MINIMUM 


SAND  PACK  - 
5*  ABOVE  WELL  SCREEN 


WELL  SCREEN  ■ 


•••'L  SAND 
•"T:  PACK 


10’  SCREEN 


SCREEN  PLUG  OTS; 

_ 

SCALE  AS  SHOWN 


fCAISER 

BNGiNBBRS 


PIEZOMETER  CONSTRUCTION  DIAGRAM 


t  souji-o  ptu-g  I’v'C  6ck«.5:1. 1^0 
lx  (O'  pl/c  s^cMjid.  4°  •SCUJLn 
1*.  10'  P\/q^  scKi.d.  4o  riser 

ba_§i  -*l  sajt\si 

Vs'' 

Vldhi  HsLUeJ  -h  hp  ^  Pi/C  -  0.33  ' 
iMT  -  V.S3' 


WELL  NO.; 


DATE  COMPLETED:  > '  i 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET 


Pags_Lof_^ 


Project:  wZf  RJ/f^S _  Boring:  P2-6 

Geologist:  Q,  RoMA  N o /O -  BATTS  _  Signature:  Qgyy 

Driller  &  Company:  /Ay^C. _ 

Date  Boring  Started:  ^USof 9^ 

First  Encountered  Water  Level: 


Total  Fluid  Losses:  f4/A 


Total  Fluid  Losses:  Kf/A 


Casing  Type:  PVG  ScWeDt^LB 


Geophysical  Logging:  NoM£ 


Depth  to  Bedrock:  NoT  ENCoOMTERbO 


Drilling  Rig:  B-’BJ 
Completed:  /  //?P/Q5 
Date:  11/35/^5 


Screened  Interval:  32  -J22 


Ground  Elev.: 


Depth  of  Drilling 
Per  Shift 


4.25"  )C| 


Abbreviations: 


Abbreviation 


Meaning 


UCHT 

«/v«rH 

vt/iTt-UUT 
GRAIM 
(-II6M  : 


'  000  w  SOff 


'  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 


In  feet  or  tenths  of  feet.  <  Record  cored  intervals  in  this  column  t(  drlllin^bedrock. 


ICF  KAISER  ENGINEERS  (Continued) 
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riNGiD  l:c:<:nc 


fcps  KAISER 

BNGiNEBRS  PIEZOMETER  CONSTRUCTION  DIAGRAM 


WELL  NO.:  Pl’C 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 

BORING  GENERAL  DATA  SHEET*  Page^of^ 


*  All  depth  measurements  should  be  In  feet  or  tenths  of  feet. 
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foot  or  tonths  of  foel.  ^  Rocord  corod  intorvols  in  this  column  if  drilling 


HINGED  LCCXING 


ICF  KAISER 

ENGINEERS  PIEZOMETER  CONSTRUCTION  DIAGRAM 


0.5'  SCAJU^  pvc  5CM.(i.W0 

/  K  10*  SCAQJLA^  PV'C  SLkiLC\.  'lO 

I  M.  lo'  ^VC  ^C\u^c\.ijO 

\  (2oI‘»6')  '  ^ 

PA  IxioWvuk  peiiiL'^S  -  /''L  ‘S,  Wdui-V 

•fV^w^C^-V^A 

vvd,V  to  iip^  P^c  caAM^. 


1^.  3  0^3 


WELL 


/ 1 -7-75" 


/-  %  ^  ‘t  !'({<  4i:  c 


DATE  COMPLETED: 


ICF  KAISER  ENGINEERS 
BORING  GENERAL  DATA  SHEET* 


Page  1  of 'S 


Project:  tVI^F  ^//FS_ j  Boring: 

Geologist:  £)ebbiz  hoAi^n- 


Driller  &  Company:  iber  /  T^rrij  d  'TI.v^a _ 

Date  Boring  Started:  ulOH  ( 


First  Encountered  Water  Level:  ^ 


Total  Fluid  Losses: 


- - — - 

Casing  Type:  Sciujd-^O  9\/C 

Screened  Inten/al:  2-  1 

Geophysical  Logging:  \^! 

Date:  - - 

Depth  to  Bedrock:  \i^\  (x 

Ground  Elev,: 

Date  : 

Time 

Start 

End 

07/^?5|  \S^0 


p; 

OAJLOVlt^  SCUui&Ko 


*  All  depth  measurements  should  be  In  feet  or  tenths  of  feet. 


.f  S  sal  bociu* 

^/s" 

SdWxd-  ScAAJuc-  (O' 

vSci-jLc^.  4®  ";  '^'  . 

ScW  •  SCAfiiK-pUu^'  6.t»'  secnffk 


U I oS 

Qfvu^  cijfkd  '■  ^  fly .  ha^  U^iQ  /•  9^-i  /^(/  Oifnjirif 
■  yi/imd  iciHy  2^-Mh 


WELL  NO.: 


DATE  COMPLETED: 


Pa^  5  of  ^ 

tCW(M  M-  ^./y'  A.V^ 
PiC'  ■ 


ICF  KAISER  ENGINEERS 
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moasuroments  should  be  recortioci  in  feet  or  tenlhs  of  root.  <  Record  cored  intervals  in  this  column  il 
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1/4-lNCH  DIA,MEJlR- 
ORAJNAGE  PORT 


HINGED  LOCKING 
CA? 


OVERSIZED  r'/C 
WELL  CAP 


CONCRETE  8UNKET  - 
(MINIMUM  r  SLOPE 
OVER  2’) 


^MORTAR  COLLAR^  PVC  wASNG 

^  STICK  STICK  UP 

UP 


6'  STEEL 
PROTECTIVE  CASING 


10.25*  DIAMETER 
BORE  HOLE  • 


2*  DIAMETER  - ^ 

PVC  .SCHED.  40.  SOUD  CASING 


PROTECTIVE 

CASING 

2.5' 


CONCRETE 


BENTONITE  SEAL  -  5'  MINIMUM 


SAND  PACK  - 
\  ABOVE  WELL  SCREEN  . 


GROUT 


2'  DIAMETER,’  .01*  SLOT  - 

PVC  SCHED.  40.  WELL  SCREEN 


10'  SCREEN 


SCREEN  PLUG  0.5' 


T  DIAMETER.  PLAT  BOHOMED.  - 
PVC,  SCHED.  40.  SCREEN  PLUG 


SCALE  AS  SHOWN 
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Project:  lyftr  £)  |rs 

Boring:  i() 

Geologist:  tit  IP  ^oiMflnhLuAiAfl  "oWieys 

Signature:  y  rs 

Driller  &  Company:  /J^^rlin  il,ihy- 

Drillfrig  Rig:  Uoblr?  fc/ 

Date  Boring  Started:  ff  (q^Iq^ 

Completed:  itfosHs 

1 

First  Encountered  Water  Level:  5* 

Date:  {[lochs' 

Total  Fluid  Losses:  ^ 

Date: 

II  Total  Fluid  Losses: 

II  Casing  Type:  P\/C  Scludulz  io 

Screened  Interval:  *7  -  /^.O 

Geophysical  Logging:  n  /  a 

Date: - 

Depth  to  Bedrock:  k/cl 

Ground  Elev.: 

Boring  Completion  Information:  2"  d 

Date:  ,( 

lo^ 

Date 

Time 

Depth  of  Drilling 
Per  Shift 

- - r 

Date 

Time 

j-L-^ - 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

Start 

End 
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End 

fi/oy(qs 

1 

hjo^hb 

II  lO 

131^ 

Gy-cu 

l200 

I'f.so 
te.c/  pi?'^ 

o 

prvdik/ 

IS 

y 

4%-' a 

'Pui/^ 

y>u.-heA  u 

<5h2Ma 

;6i5>7  iz>  k 

leK^tnu: 

Abbreviations: 

Location  Sketch:  Ma 

II  Abbreviation 

Meaning 

k:===r=:r^ 

v: 

P 

% 

nucy 

Out- 

uj\ CW 

jiWe 

-fc 

ruot 

fVUSiiMn' 

SmcidI 

(^SV/20) 

n/ii) 

(lO/3Cl 

Avi^ 

) 

[ 

All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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ENGtNBEFtS  PIEZOMETER  CONSTRUCTION  DIAGRAM 
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^  ijKf  -h  2!f  loell)  aJ-  S-I5\  baJ-iiLUJL-^oi  b'^soiid  at  -ikAtofbm^  ixhrrchbk((s 
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•  _  .  i  '  1  //}./' 


4 


5  Cjd  IstichJ- 


^or-Pjd  W  tiArxA-/-^ 

10'  %B.ch^^  ^  'fCAtu.  fd/C  s^y. 

ID'  stc-h^  %  Aim.,  Pyc  sdud.  Yo 

i‘‘ 0-3' £c/uiJLM.  piu^,  PvCScUjiP.  yo 

O.p  (H)  'Tif^lL 


WELL  NO.:  VI  '  |0 

Inl/A^ 


DATE  COMPLETED: 
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Boring:  PZ  -  f2_ 


Project:  \fyRf  RZ/pS 


Geologist:0  >  I  p. 


Driller  &  Company:  l>A\JC  T7^VL^?p/H/^Z?p|^/-  /MC- 


/ 

First  Encountered  Water  Level:  )  ^ 


Total  Fluid  Losses:  (^/A 
Total  Fluid  Losses:  N//A 


Casing  Type:  fVC  SCHE.PuL£.40  T  '' 


Geophysical  Logging:  NoM  £ 


Depth  to  Bedrock:  /SlOf  f  NCOUN  TfR£  P 


Boring  Completion  Information:!:^  /e 7- J  ^  /^e 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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1/J.-INCH  CU).<rTE.=^- 

orainage  port 


OVERSIZED 
WELL  CAP 


CONCRETE  BLANKET  ■ 
(MINIMUM  r  SLOPE 
OVER  2') 


•  MORTAR  COLLAR^  PVC  ^A^.NG 

STICK  stick  up  2.5’ 

UP 


”  ^  I 


6*  STEEL 
PROTECTIVE  CASING 


PROTECTIVE  1 

CASING  CONCRETE 

2.5'  I 


10.25'  DIAMETER 
BORE  HOLE 


2*  DIAMETER  - ‘ 

PVC  SCHED.  40.  SOLID  CASING 


I 


BENTONITE  SEAL  -  5*  MINIMUM 


SAND  PACK  - 
5‘  ABOVE  WELL  SCREEN 


2*  DAMETER.  .01’  SLOT  - 

PVC  SCHED.  40,  WELL  SCREEN 


10*  SCREEN 


2*  DIAMETER.  FLAT  BOTTOMED,  • 
PVC.  SCHED.  40.  SCREEN  PLUG 


ICF  PCAiSBR 
£NtSiNEeRS 


SCREEN  PLUG  0.5* 


SCALE  AS  SHOWN 


PIEZOMETER  CONSTRUCTION  DIAGRAM 


WELL  NO.: 


DATE  COMPLETED: 
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Project:  60 /?P 

Boring:  (  s  B 

Geologist:  "J, 

Driller  &  Company:  I4tut>/,^ 

- r — ’ 

Date  Boring  Started:  H  /^i  j 

First  Encountered  Water  Level: 

Total  Fluid  Losses:  O 

Total  Fluid  Losses:  0 


Casing  Type:  Aj/^ 


Geophysical  Logging: 


Depth  to  Bedrock: 


Boring  Completion  Information: 


Time  Depth  of  Drilling 

Per  Shift 


Screened  Interval: 


Date: 


Ground  Elev.: 


Date: 


Time 


Depth  of  Drilling 
Per  Shift 


Abbreviations: 


Abbreviation 


Meaning 


Location  Sketch: 

2lf 


t  ^/sfl-aja^DCK  50^1 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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Project:  (AjfiF 


Geologist: 


End 


Boring: 
Signature: 


I  Driller  &  Company:  )^drr>//> 

- 

Date  Boring  Started:  Zz/^z/fT 

I  First  Encountered  Water  Level: 

Total  Fluid  Losses: 

Total  Fluid  Losses:  O 


Casing  Type: 


Geophysical  Logging:  /\/^ 


Depth  to  Bedrock: 


Boring  Completion  Information:  Qx(^u^kt!/  /U  So//2c^ 
Time  Depth  of  Drillina 


Depth  of  Drilling 
Per  Shift 


Meaning 


Ir.p 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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Project:  |g|/PS 


Boring:  -  6  AfeT,  />5;soc. • 


geologist:!).  QsT^CLA.oj  T.  SmJlXZ  I  Signature:^^;^.  ,, 

Driller  &  Company:  ■fjg/cit'n  jj-U-beT:  l^ick  ,  flir'WTn _  Dicing  Rig:  ^Q^jJ  ^  g^-]  ¥fJV 

Date  Boring  Started:  |(/  2|  /95~ _  "^mpleted:  f( 


P02 


First  Encountered  Water  Level:  ^  .  5"  ^ 


Date:  ■ 


Total  Fluid  Losses: 


Date:  * 


Total  Fluid  Losses: 


Casing  Type: 


Screened  Interval: 


Geophysical  Logging:  y\\o< 


Date: 


Depth  to  Bedrock:  1  (K 


Ground  Elev.: 


Boring  Completion  Information: 


Date: 


Date 


11(21 


Time 


Start 


(5i5 


End 


ISiS'S' 


Depth  of  Drilling 
Per  Shift 


Start 


O 


End 


Abbreviations: 


Abbreviation 


Meaning 


V. 

HA 

er- 

If 

dK 

(jouUC 

<o( 

tOL'^ 

C]dj(0 

IaMi 

7t>lzo 

SlSVUJL 

-70/ 3<) 

4 

OjMd 

AJid 

^ol^o 

UMAitUj 

cip(yo/^ 

Date 


Siftd  a-f 


Time 


Start 


End 


Depth  of  Drilling 
Per  Shift 


Start 


End 


Location  Sketch: 


All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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Project: 

UIAf= 

Boring: 

fitsa-i, 

Geologist:  -J 

Driller  &  Company: 

IHSHB19II 

Date  Boring  Started:  /fs 

First  Encountered  Water  Level: 

Date: 

tpihr 

Total  Fluid  Losses: 

Date: 

1  Total  Fluid  Losses:  | 

Casing  Type: 

Screened  Interval: 

Geophysical  Logging: 

Date: 

hsbb 

Ground  Elev.: 

Boring  Completion  Information: 

Date: 

Date 

Time 

Depth  of  Drilling 
Per  Shift 

Date 

Time 

Depth  of  Drilling 
Per  Shift 

Start 

End 

Start 

End 

Start 

End 

If  hf/j^ 

o 

o(>-  /d  ^ 

bS-/ 

Of^£>  - 

'  1 

V 

f-  "Triech 

Mi'k*, 

h> 

II  Abbreviations: 

Location  Sketch: 

/ 

1 

II  Abbreviation 

Meaning 

V, 

-6a, 

D- 

^1 

Ljfo 

Ho 

1oli» 

^DIzo 

TiH 

ToH 

u 

v-J  j'V^o 

fiVHe 

/  ny  Cjc^c 

f- 

U) 

j- 

»L/ 

(0 

\  X  —X  * 

*  All  depth  measurements  should  be  in  feet  or  tenths  of  feet. 
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Project:  WRF  Rl/ps 


Geologist: /O-QATTS  Signature: 


Driller  &  Company:  TA  ^LQ  K  iNf 

Date  Boring  Started:  /  2/^ ^9^ 

First  Encountered  Water  Level;  25  ^ 


Total  Fluid  Losses:  N/A 


Total  Fluid  Losses:  KZ/A 


Casing  Type:  PVD  SCHEIX'LE  ^ 


Geophysical  Logging:  fv/tJMt 


Depth  to  Bedrock;  Moj  ENCOOfsTTERCO 


Boring  Completion  Information: 


Abbreviation 


Meaning 


Location  Sketch: 

A.  ff-'A-  ■ 


/Jc^ 


Med.  medi>/M 

&R.  &RAIM 


u&<<r 

WVRIc 

MW 

6eu»/vGfij^D  •^'iPFifvce 


w/o  Wl  THOOr 


jltfy 
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.  -  1 
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Table  1 

Summary  of  Water  Level  Elevation  Data  at  WRF 


Table  1 

Summary  of  Water  Level  Elevation  Data  at  WRF 


Table  1 

Summary  of  Water  Level  Elevation  Data  at  WRF 
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Table  2  -  Well  Construction  Data  for  AREE  1  Monitoring  Wells 


Table  2 

AREE  1  Monitoring  Well  Construction  Summary 


Well  I.D. 

and  Casing 

Well  Diameter 

Borehole 

Diameter 

Total 

Depth 

MW-7 

Stainless  steel 

Sch.  40  (0.02  slot  screen) 

2-inch 

12-inch 

39.5 

MW-8 

2-inch 

12-inch 

15.5 

MW-9 

2-inch 

12-inch 

10.5 

MW-10 

2-inch 

12-inch 

13.1 

MW-11 

2-inch 

12-inch 

10.5 

MW-12 

2-inch 

12-inch 

15.5 

MW-77 

PVC  Sch.  40  (0.01  slot 
screen) 

4-inch 

1 0-inch 

16.5 

MW-78 

4-inch 

10-inch 

15.5 

MW-79 

4-inch 

10-inch 

14.5 

MW-80 

4-inch 

1 0-inch 

16.5 

APPENDIX  B 


B.1 

B.1.1 
B.1 .2 


ECOLOGICAL  RISK  ASSESSMENT 

Graphical  Presentation  of  Selected  Surface 
Soil  and  Sediment  TRV  Exceedences 

Surface  Soil 
Sediment 


APPENDIX  B.1 


GRAPHICAL  PRESENTATION  OF  SELECTED  SURFACE  SOIL 
AND  SEDIMENT  TRV  EXCEEDENCES 


Figures  were  constructed  for  surface  soil  and  sediment  data  to  allow  the  reader  to  view  the 
exact  sample  locations  where  certain  compounds  exceeded  TRVs.  For  surface  soil,  compounds  with 
an  EEQ  greater  than  one  for  either  the  terrestrial  plant  TRV  or  the  earthworm  TRV  (see  Tables  4-7 
and  4-8)  were  graphed.  These  compounds  are  aluminum,  chromium,  manganese,  selenium, 
vanadium,  and  zinc.  A  figure  for  mercury  is  not  presented  because  it  was  detected  at  only  one  sample 
location. 


For  sediment,  chemical  concentrations  are  graphed  only  for  the  wetland  (RISD-11  and  12)  and 
open  water  areas  {RISD-13  to  21)  because  no  risks  were  associated  with  the  pond  area  (all  EEQs  < 

1).  Both  wetland  and  open  water  sample  locations  are  included  on  the  same  figures.  For  PCB-1260, 
two  additional  samples,  02SE02  and  02SE04,  are  included  in  the  wetland  area,  reflecting  the  results  of 
samples  collected  by  Earth  Tech,  Inc.  as  part  of  the  Phase  1  Site  Investigation.  Figures  were 
constructed  for  all  organic  compounds  exceeding  TRVs  (acenaphthene,  anthracene,  1- 
methylnaphthalene,  naphthalene,  and  PCB-1260),  with  the  exception  of  chemicals  that  were  detected 
at  only  one  sample  location  (indeno(1 ,2,3-c,d)pyrene,  fluorene,  2-methylnapththalene,  4,4’-DDD,  4,4’- 
DDE,  and  4,4'-DDT).  No  figures  were  constructed  for  inorganics  because  the  associated  risks  were 
relatively  low  (all  EEQs  <  3.6).  For  1-methylnaphthalene,  and  naphthalene,  figures  include  wetland 
sampling  locations  because  these  compounds  were  not  detected  in  the  open  water  area. 


B.1.1  Surface  Soil 


i 


9S'SSId 

ss-ssia 

W-SSId 

PZ-SSM 

ez-ssid 

ZZ-SSId 

IZ-SSId 

OZ-SSId 

6L-SSId 

8l-SSId 

ll-SSM 

91'SSId 

9l.-SSId 

^L'SSId 

SL-SSId 

Zl-SSId 

U-SSId 

OL-SSId 

6-SSId 

8'SSId 

Z'SSId 

9-SSld 

9’SSIH 

^SSId 

8’SSId 

Z'SStd 

l-SSId 


SELENIUM 


> 

tr 


99-SSId 

59-SSia 

W-SSIH 

t^2-SSIU 

e2*ssid 

22-SSia 

t2-SSIH 

os-ssia 

61-SSIH 

8i-ssia 

zt-ssiy 

gt'SSia 

9^-ssia 

ei-ssia 

zi-ssm 

Lt-SSIU 

oi-ssia 

6-ssia 

8- ssia 

/-SSId 

9- SSIH 

9-ssiy 

t^-ssiy 

c-ssiy 

2-ssiy 

kssiy 


(6)|/6lu)  uooejiuaouoo 


Sample 


Plant  TRV 
Earthworm  TRV 


O 

z 

N 


99-SSiy 


SS-SSId 


w-ssiu 


^2-SSIti 


es-ssid 


ZZ-SSIH 


LS-SSId 


OS-SSId 


6^-SSId 


8l-SSId 


Zl-SSId 


9l.-ssid 


9l-SSId 


t^^-SSId 


et-ssid 


SkSSId 


U-SSId 


Ol-ssid 


8-SSId 


Z'SSId 


9-SSId 


9’SSId 


^-SSId 


e-ssid 


S-SSId 


(6)(/6lu)  uoiiej^ueouoo 


Sample 


B.1.2  Sediment 


ACENAPHTHENE 


(6)i/6uj)  uouenuaouoo 


RISD11  RISD12  RISD13  RISD14  RISD15  RISD16  RISD17  RISD18  RISD19  RISD20  RISD21 


ANTHRACENE 


(6)i/6ui)  uo|}ej}Ud3UOO 


RISD11  RISD12  RISD13  RISD14  RISD15  R1SD16  RISD17  .  RISD18  RISD19  RISD20  RISD21 


1  -METH  YLN  APHTH  ALENE 


(6)i/6ai)  uojie^uaouoo 


RISD11  RISD12 


NAPHTHALENE 


(6)|/6uj)  uofie^uaouoQ 


RISD11  RISD12 


PCB-1260 


(6)i/6uj)  uot}ej)U33uoo 


02SE02  02SE04  RISD11  RISD12  RISD13  RISD14  RISD15  RISD16  RISD17  RISD18  RISD19  RISD20  RISD21 


APPENDIX  C 


REMEDIAL  ALTERNATIVE  COST  CALCULATIONS 

C-1  Cost  Calculation  Tables 
C-2  Cost  Estimate  Rationale 

C-3  Pre-Design  Studies  for  the  Development  of  the  Long-Term 
Groundwater  Monitoring  Program  for  Operable  Unit  One 


C-1 

Cost  Calculation  Tables 


Table  C>1 

Estimated  O&M  Cost  for  Alternative  1 :  No  Action 


item 

Description^^^i 

Quand^ ; 

Unltpf 

IHIhh 

Item  Cost$ 

V  Refeienceor 
Comment  ^ 

1 

5-year  evaluation  required  by 
USEPA,  1/5  of  report  charged  each 
year. 

0.2 

lump  sum 

30,000 

6,000 

Engineer's  Estimate 

2 

Scope  contingency  20% 

1,200  1 

Total  annual  O&M  cost  7,200  | 

Table  C-2 

Estimated  Capital  Cost  for  Alternative  2:  Institutional  Controls 


Hem 

,  .  Description  ,  .  ^  ^ 

Quantity  v 

Unit  of 
Rlleasure 

Unit  Cost  s 

«  ■  Reference  or^.:., 

''^Comment'""'’' 

1 

4-inch  dia.  PVC  groundwater 
monitoring  wells,  30  ft.  deep 

9 

1  well 

9,000 

81,000 

Recent  ICF  Kaiser 

experience  at  WRF 

2 

Mobilization/demobilization 

1 

lump  sum 

2,000 

2,000 

Contractor's  estimate 

3 

Groundwater/Land  Use  Restrictions 

1 

lump  sum 

2,000 

2,000 

Engineer’s  estimate 

4 

Posting  of  signs 

1 

lump  sum 

1,000 

1,000 

Engineer’s  estimate 

Subtotal  estimated  construction  cost 

86,000 

6 

Bid  contingency 

10% 

8,600 

7 

Scope  contingency 

10% 

8,600 

Total  capital  cost 

103,200 

8  1 

Permitting  and  legal 

5% 

6,160 

Servicing  during  construction 

5% 

5,160 

MEM 

Design  cost 

8% 

8,256 

Total  estimated  capital  cost 

121,776 

I 

Table  C-3 

Estimated  Annual  O&M  Cost  for  Alternative  2:  Institutional  Controls 


■ 

Ki  »  DeSCriptlOlf?:lT;;:ft-:::.v. 

SfS-'  ■  ^ 

Quantity 

Unit  Of  V 
Measure 

Unit  Costs 

Item  Costs 

Reference  or 

Comment  i  > 

r 

Sampling  and  analysis  of  24 
groundwater  wells,  twice/year 

48 

each 

1,635 

78,480 

See  Table  C-4 

I  Sampling  and  Analysis  in  Occoquan  and  Marumsco  every  5th  year 

2 

surface  water 

4 

each 

1,026 

4,104 

See  Table  C-4 

3 

sediment 

4 

each 

1,129 

4,516 

See  Table  C-4 

4 

storm  water  runoff 

4 

each 

1,447 

5,788 

See  Table  C-4 

5 

Annual  cost 

0.2 

lump  sum 

14,408 

2,882 

Add  rows  2,3,4 

Subtotal  estimated  annual  sampling  and  analysis  cost  81,362  Add  rows  1  and  5  | 

gj 

QC  samples 

20% 

lump  sum 

81,362 

16,272 

Use  row  6 

ra 

Maintenance  on  monitoring  wells 

12 

each 

1,300 

15,600 

Engineer’s  estimate 

9 

5  year  performance  demonstration 
report  (charge  1/5  annually) 

0.2 

lump  sum 

30,000 

6,000 

Engineer’s  estimate 

Subtotal  estimated  O&M  cost  1 1 9,234 

HI 

Scope  contingency  20%  |  23,847 

I  Total  estimated  annual  O&M  cost  143,081  | 

Table 

Analytical  Cost  Table 


Table  C-5 

Estimated  Capital  Cost  for  Alternative  3:  Containment  through  Surface  Cover  and  Hot  Spot  Removal 


"'-De^ciiption ; ■ 


Institutional  controls 


Mobilization  and  demobilization 


Site  monitoring  air,  soil,  water 


PCS  contaminated  soils  in  AREE  1, 
excavate,  remove,  dispose 


Subtotal 


Site  Preparation _ 

5  Grade  Existing  Roads 


6  Add  Gravel  to  Roads 


AREE  1  site  clearing,  heavy 


8  AREE  2  site  clearing,  moderate 


9  AREE  3  site  clearing,  light 


10  AREE  4  site  clearing,  light 


1 1  AREE  5  site  clearing,  heavy 


12  AREE  6A  site  clearing,  moderate 


13  AREE  6B  site  clearing,  heavy 


AREE  7  site  clearing,  heavy 


Subtotal  for  site  preparation 


Containment,  Capping  and  Rip  Rap 


T otal  acreage  of  all  AREEs  _ 


16  Construction  of  Covers 


17  Revegetation 


Unit  Cost 


8 


Item  Cost 


6,000  square 


s 


acre 


0.28  acre 


0.39  acre 


e 


e 


0.00  acre 


7.24  acre 


s 


Rip  rap  along  AREE1 _ 


Subtotal  _ 


Subtotal  estimated  construction  cost 


Bid  contingency  _ 15% 


Scope  contingency  _  20% 


Total  capital  cost  _ 


Permitting  and  legal  _ 5% 


Servicing  during  construction _ 5% 


Design  cost  _ 5% 


Total  estimated  capital  cost 


35.042  square 
yard 


1  lumpsum 


25 


15 


179,100 


Reference  or 

Comment 


86,000  See  Table  C-2 


12,000  Engineers  estimate 


1 8,000  Engineers  estimate 


32, 


148,738 _ _ 


3,000  Means 


12,000  Means 


6,000 

6,000 

Oversized  clearing. 
Cost  from  Means. 

5,000 

1,400 

Size  from  ASC  figure. 
Cost  from  Means. 

4,000 

1,560 

rMiitiiii 

4,000 

6,400 

6,000 

2,040 

riMliiii 

5,000 

15,000 

Oversized  clearing. 
Cost  from  Means. 

6,000 

3,780 

Size  from  ASC  figure. 
Cost  from  Means. 

6,000 

0 

No  activities 

876,040  USDOD,  1994 


525,624  USDOD,  1994 


Table  C-9,  Item  3 


1,580,764 


1,780,682 


12,900 


17,200 


1,810,782 


90,539 


90,539 


90,539 


2,082,399 


Table  C-6 

Estimated  Annual  O&M  Cost  for  Alternative  3:  Containment  through  Surface  Cover  and  Hot  Spot  Removal 


Desciiptioil. 


O&M  of  institutional  controls 


Annua!  inspection _ 


Revegetation  _ 


Erosion  control 


[Repairs  _ | 

Subtotal  estimated  O&M  cost 
[Scope  contingency 
Total  estimated  annual  O&M  cost 


lump  sum 


each 


acre 


acre 

lump  sum 


119,234 


750 


800 


300 
300 " 


Institutional  controls  capital  costs 


Mobilization  and  demobilization 


Site  monitoring  air,  soil,  water 


Sampling  and  analysis  of  24  wells, 

quarterly  for  one  year _ 

Subtotal  _ 


Subtotal  for  site  preparation 
Subtotal  for  revegetation  _ _ 


Table  C-7 

Estimated  Capital  Cost  for  Alternative  4: 


uanbly  . 


lump  sum 


lump  sum 


month 


each 


Table  C-3 


750[USDOD,  1994 


5,792  USDOD,  1994 


2,172  USDOD,  1994 
300|  USDOD.  1994~ 

127,948 _ 

25,590 _ 

153,538  _ 


Removal  and  Disposal 


Reference  or 

Comment 


86,000  See  Table  C-2 


12,000  Engineer’s  estimate 


18,000  Engineer’s  estimate 


156.960  See  T 
_ analytical  costs 

272.960  _ 


Unit  Cost 


Volumes  for  Excavation,  Removal  and  RCRA  Disposal 


5  AREE  1  dig  10  feet  (Hazardous  5,556  cubic  yard 

Waste  Disposal) 


2,889  cubic  yard 


AREE  3  dig  5  feet  (Non-hazardous 
Waste  Disposal)  _ 


8  AREE  4  dig  5  feet  (Non-hazardous 
Waste  Disposal)  _ 


9  AREE  5  dig  10  feet  (Non- 
hazardous  Waste  Disposal) 


11  AREE  6B  dig  10  feet  (Non- 
hazardous  Waste  Disposal) 


AREE  7 


Subtotal  for  excavation  and  disposal 


Subtotal  estimated  capital  cost _ 


Bid  contingency 


Total  capital  cost _ 


Permitting  and  legal _ 


Servicing  during  construction 


Design  cost  _ 


Total  estimated  capital  cost 


944  cubic  yard 


2,889  cubic  yard 


3,704  cubic  yard 


1,556  cubic  yard 


0[  cubic  yard 


51, 1801  See  Table  C-5 
525,6241  See  Table  C-5 


437 

2,425,000 

Vendor  Quote 

37 

105,444 

Vendor  Quote 

37 

34,472 

Vendor  Quote 

37 

202,778 

Vendor  Quote 

37 

105,444 

Vendor  Quote 

37 

135,185 

Vendor  Quote 

37 

56,778 

Vendor  Quote 

37 

0 

3,065,102 


3,914,866 


782.973 


782,973 


5,480,812 

438,465 


548,081 


274,041 


6,741,399 


Table  C-8 

Estimated  O&M  Cost  for  Alternative  4:  Removal  and  Disposal 


Item 

Wmm 

gHirrmaiin 

mmm 

nfiS 

Li 

i 

temCo^ 

1 

O&M  of  institutional  controls 

I  1 

lump  sum 

119,234 

119,234 

See  Table  C-3  | 

Subtotal  estimated  O&M  cost  _ 


Scope  contingency _ 20% 

Total  estimated  sampling  and  anaiysis  cost 


143,081 


Table  C-9 

Estimated  Capital  Costs  for  Alternative  5:  AREE-SpecIfic  Remedial  Action 


Hern 

^  Description 

Hm 

Unit  of 
Me^re 

Unit  Costs 

Reference  or 

V/  Comment 

:  General  AcUvifies  ^ 

C  '  - 

1 

Institutional  controls  capital  costs 

1 

lump  sum 

86,000 

$86,000 

See  Table  C-2 

2 

Clean  Up  Visible  Debris 

$18,900 

Pick  up  Debris,  Transport,  and 

28 

30  cubic 

275 

$7,700 

Vendor  Quote 

Dispose  at  Landfill 

yard  boxes 

Along  Shoreline 

4 

OU1 

2 

AREE  1 

2 

On  Land 

15 

OU1 

2 

AREE1 

3 

AREE  2/5 

4 

AREE  3 

2 

AREE  4 

1 

AREE  6A 

2 

AREE  6B 

1 

AREE  7 

In  Wetland 

9 

AREE  1 

2 

AREE  2/5 

3 

AREE  6A 

4 

Labor 

14 

days 

800 

$11,200 

3 

Rip  Rap  AREE  1  Shoreline 

■■■ 

$179,100 

Rip  Rap 

tons 

14.35 

$86,100 

Vendor  Quote 

Spread  Rip  Rap 

mmm 

day 

2,900 

$87,000 

Vendor  Quote 

Labor 

days 

200 

$6,000 

Table  C-9  (Continued) 

Estimated  Capital  Costs  for  Alternative  5:  AREE-Specific  Remedial  Action 


Hern 

Description  . 

.  ■  ■  ■  ■  '  'V 

I  Quantity 

mmm 

Unit<^>st$ 

1  "  Reference  or  g 
[  Comrhent 

g;,  j  Clean;GI|psura 

$21,600 

4 

Geophysical  Survey 

16 

acres 

1,000 

$16,000 

Vendor  Quote 

AREE  2/5 

4 

AREE3 

4 

AREE  4 

4 

AREE  6B 

4 

Labor 

14 

days 

400 

$5,600 

Dig  Test  Pits 

$37,842 

Assume  28  pits 

Backhoe 

hours 

156 

$17,472 

Means 

Labor  (3  operators) 

hours 

Means 

Field  Engineer 

112 

hours 

50 

Means 

Debris  Disposal 

420 

cubic  yards 

8.50 

$3,570 

Potomac  Landfill 

Expanded  Digging 

$9,461 

Assume  25%  Expansion 

Backhoe 

28 

hours 

156 

$4,368 

Means 

Labor  (3  operators) 

28 

hours 

$2,800 

Means 

Field  Engineer 

28 

hours 

50 

$1,400 

Means 

Debris  Disposal 

105 

cubic  yards 

8.50 

$893 

Potomac  Landfill 

7 

Confirmatory  Sampling 

$16,564 

Field  Screening  Tests 

30 

sample 

150 

$4,500 

Vendor  Quote 

AREE2/5 

10 

AREE3 

5 

AREE4 

10 

AREE6B 

5 

Laboratory  Analysis 

16 

sample 

754 

$12,064 

Vendor  Quote 

AREE2/5 

4 

AREE3 

4 

AREE4 

4 

AREE6B 

4 

Labor 

Included  in  Task  8 

8 

Soil  and  sediment  with  PCBs: 

$48,250 

Excavate  Soil 

500 

cubic  yds 

6.50 

$3,250 

Vendor  quote 

Transport/Dispose  (>50  ppm) 

AREE1 

75 

cubic  yds 

430 

$32,250 

Vendor  quote 

Transport/Dispose  (>1  &<  50  ppm) 

425 

cubic  yds 

30 

$12,750 

Vendor  quote 

AREE1 

370 

AREE  2/5 

20 

AREE  3 

9 

AREE  4 

12 

AREE  6B 

14 

Table  C-9  (Continued) 

Estimated  Capital  Costs  for  Alternative  5:  AREE-Specific  Remedial  Action 


Table  C*9  (Continued) 

Estimated  Capital  Costs  for  Alternative  5:  AREE-Specific  Remedial  Action 


Table  C-10 

Estimated  Annual  O&M  Costs  for  Alternative  6:  AREE-Specific  Remedial  Action 


Item 

^  ■  Desolptiqn ; , ;  / 

GKiantity 

Unit  Of 
Measure 

Unit£^$ 

■  :Referenceor  s 
c  V:  Comment 

II 

Long-Term  Monitoring  15  years 

$30,468 

1 

Cover  Maintenance 

5 

acres 

600 

$3,000 

AREE  1 

2 

■ 

AREE  6A 

3 

■ 

Groundwater  Monitoring 

14 

samples 

1,962 

$27,468 

■ 

AREE  1 

6 

■ 

AREE2/5 

5 

■ 

AREE6A 

4 

Five  Year  Review 

$146,730 

Divide  this  Number 
by  Five  to  add  to  the 
Annual  Cost 

Surface  Water 

25 

samples 

1231 

$30,775 

Sediment 

25 

1355 

$33,875 

Biota 

30 

1736 

$52,080 

3 

Report 

1 

lump  sum 

$30,000 

Total  Estimated  O&M  Costs 

_ 

$59,814 

Table  C-11 

Capital,  O&M,  and  Present  Worth  Costs 


'Mjm 

O&M 

Present  Worth  ^ 

No  Action 

0 

7,200 

74,734 

2 

Institutional  Controls 

121,776 

143,081 

1,606,911 

3 

Containment  through  Surface  Cover  and  Hot  Spot 
Removal 

2,082,399 

153,538 

3,676,072 

4 

Removal  and  Disposal 

6,741,399 

143,081 

8.226.534 

mu 

AREE-Specific  Remedial  Actions 

1,115,047 

59,814 

1,735,898 

Present  worth  assumes  an  interest  rate  of  5%,  over  an  O&M  period  of  15  years. 


C*2 

Cost  Estimate  Rationale 


COST  ESTIMATE  RATIONALE 


Cost  estimates  for  WRF  OU1  were  prepared  using  information  available  at  the  time  of  the 
estimate.  Tables  C-1  through  C-11  identify  the  costs  that  were  developed  for  remedial  Alternatives  1 , 2,  4, 
5  and  6.  Other  alternatives  were  screened  out.  Cost  information  for  equipment,  construction,  and 
operation  and  maintenance  (O&M)  for  the  tables  presented  here  was  derived  from  vendor’s  estimates, 
cost  guides  and  other  literature,  cost  estimates  from  contractors,  and  professional  judgment,  based  on 
previous  engineering  experience. 

The  FS  costs  were  derived  to  provide  an  accuracy  of  +50%  to  -30%  of  the  actual  final  costs, 
which  is  the  target  range  for  CERCLA  feasibility  studies  (USEPA  1 988).  Cost  tables  and  considerations 
utilize  USEPA  guidance  (USEPA  1987a,  b),  other  engineering  references  (Peurifoy  1989;  Perry  1973)  and 
professional  judgment  gained  from  other  similar  studies. 

In  addition  to  estimated  capital  and  O&M  costs,  two  contingency  costs  and  three  indirect  costs  were 
added,  as  described  below: 

Scope  Contingency 

The  scope  contingency  is  intended  to  cover  changes  during  final  design  and  implementation.  It 
may  be  10  to  25  percent  of  the  construction  subtotal  for  known  technologies  and  sites  with  minimum 
elements  of  risk,  or  much  more  for  state-of-the-art  technologies  at  sites  with  higher  elements  of  risk. 
Factors  that  determine  the  magnitude  of  the  scope  contingency  include: 

•  At  the  FS  stage,  the  design  concept  is  not  developed  fully  enough  to  identify  all  of  the  project 
components  and  ancillary  costs. 

•  A  reserve  for  change  orders.  On  conventional  projects  with  a  completed  design,  owners  historically 
allow  a  6-  to  8-percent  change  order  contingency  for  scope  change. 

•  Scope  changes  that  can  occur  during  design  and/or  that  are  needed  to  meet  performance-based 
criteria.  For  example,  at  WRF  OU1 ,  quantifying  the  volume  of  debris  or  contaminated  soil  is  possible 
only  after  the  implementation  of  intrusive  activities.  Feasibility  study  cost  estimates  are  completed 
prior  to  excavation  activities,  and  allowance  must  be  made  that  these  estimates  do  not  accurately 
predict  exact  site  conditions. 

•  The  special  nature  of  hazardous  waste  construction  eliminates  many  contractors  from  competition  and, 
therefore,  reduces  the  bidding  competitiveness,  which,  in  turn,  increases  the  bids. 

Bid  Contingency 

The  bid  contingency  is  intended  to  cover  unforeseen  circumstances  which  result  in  additional 
costs,  such  as:  adverse  weather  conditions,  strikes  by  material  suppliers,  unfavorable  market  conditions, 
and  inadequate  site  characterization.  A  bid  contingency  may  vary  between  10  and  20  percent  (average  is 
15  percent.),  and  is  applied  against  the  construction  subtotal. 


Permitting  and  Legal 

Project  expenses  may  include  legal  fees  and  fees  for  technical  personnel  necessary  to  obtain 
licenses  and  permits.  Non-environmental  construction  permits  and  temporary  or  long-term  operating 
permits  may  be  required  from  federal,  state,  and  local  jurisdictions  to  complete  a  remedial  action. 
Similarly,  legal  advice  may  be  necessary  to  obtain  licenses  or  negotiate  construction  and  operating 
contracts.  Legal  and  license/permit  costs  are  typically  in  the  range  of  2  to  5  percent  of  total  capital  cost. 

Servicing  During  Construction 

The  cost  of  services  during  construction  are  typically  in  the  range  of  7  to  10  percent  of  the  total 
capital  cost,  and  are  necessary  for  the  following  activities: 

•  Supervision  and  Administration 

-  Bidding  and  contract  administration 

-  Construction  management  and  on-site  observation 

-  Change  order  negotiations 

-  Pre-purchase  of  equipment  and  expediting  deliveries 

-  Submittal  review  and  office  services 

-  Record  drawings 

•  Engineering  and  Design  During  Construction 

-  Additional  design  work 

-  O&M  manuals. 

Engineering  Design 

Engineering  design  costs  are  typically  in  the  range  of  6  to  1 0  percent  of  the  total  capital  cost  and 
normally  account  for: 

•  Design  and  process  development 

•  Preparation  specifications  and  bid  documents 

•  Drafting 

•  Monitoring  and  testing,  if  additionally  required. 


Pre-design  Studies  for  the  Development  of  the  Long-Term  Groundwater 

Monitoring  Program  for  OU1 


PRE-DESIGN  STUDIES  FOR  THE  DEVELOPMENT  OF  THE  LONG-TERM 
GROUNDWATER  MONITORING  PROGRAM  FOR  OU1 


Groundwater  at  WRF  is  most  likely  influenced  by  tides  in  the  Occoquan  Bay  which  would  cause 
fluctuations  in  water  levels  measured  in  monitoring  wells  and  could  possibly  cause  variations  in 
concentrations  of  chemical  compounds  detected  in  groundwater.  To  effectively  design  a  long-term  monitoring 
plan,  pre-design  studies  are  proposed  to  evaluate  the  tidal  range  obsen/ed  in  wells  so  that  monitoring  wells 
can  be  selected  for  long-term  monitoring  or  additional  monitoring  wells  can  be  installed,  if  necessary.  In 
addition  to  water-level  monitoring,  groundwater  sampling  is  proposed  to  evaluate  the  range  of  chemical 
concentrations  detected  over  a  tidal  cycle  so  that  a  statistical  data  set  can  be  established  for  the  long-term 
monitoring  plan.  The  proposed  elements  of  the  pre-design  studies  are  discussed  below  and  include:  (1) 
continuous  water-level  monitoring  in  selected  monitoring  wells,  (2)  continuous  (and  concurrent)  monitoring  in 
selected  surface  water  locations,  and  (3)  groundwater  sampling  at  high  and  low  tide  intervals  at  selected 
locations  to  establish  a  range  in  concentrations  due  to  tides. 

Continuous  Water  Level  Readings 

To  evaluate  the  fluctuations  of  water  levels  due  to  tides,  data  loggers  will  be  placed  in  selected 
monitoring  wells  at  OU1.  The  table  below  lists  the  wells  for  which  continuous  monitoring  is  proposed  and 
includes  both  near  shore  wells  and  wells  farther  away  from  the  shoreline  at  OU1 . 


AREE 

Monitoring  Weii 

Depth  of  Monitoring 
Well 

Near  Shore 

1 

MW-76 

Shallow 

Yes 

MW-79 

Shallow 

Yes 

MW-80 

Shallow 

Yes 

MW-7 

Shallow 

No 

2/5 

MW-68 

Shallow 

No 

MW-81 

Shallow 

No 

MW-82 

Deep 

No 

MW-74 

Shallow 

No 

3 

MW-69 

Shallow 

No 

4 

MW-64 

Deep 

No 

MW-66 

Shallow 

Yes 

6B 

MW-60 

Deep 

No 

Site  Wide 

PZ-7 

Shallow 

No 

PZ-12 

Shallow 

No 

NOTE;  No  deep  monitoring  wells  are  currently  installed  close  to  the  shoreline  at  OU1  and  therefore 
have  not  been  included  for  the  pre-design  study. 


Data  loggers  should  be  placed  in  the  wells  and  continuous  water  level  readings  collected  for  a 
minimum  of  one  month.  In  conjunction  with  the  continuous  monitoring,  tidal  information,  e.g,  tide  tables  and 
seasonal  ranges,  will  be  obtained  from  the  local  tidal  station  (High  Point,  Occoquan  Bay).  This  information 
can  be  compared  to  fluctuations  in  water  levels  measured  in  the  wells  to  evaluate  possible  response  times  in 
the  wells  due  to  tides. 


Tidal  Monitoring  in  Surface  Waters 

Tidal  monitoring  in  surface  water  will  be  done  in  conjunction  with  water  level  monitoring  in  wells.  This 
can  be  accomplished  by  installing  data  loggers  in  selected  streams/wetland  areas,  Marumsco  Creek,  arid  the 
Occoquan  Bay.  The  duration  and  measurement  frequency  of  the  monitoring  will  be  the  same  as  that  in  the 
monitoring  wells.  The  areas  proposed  are  as  follows:  1)  the  marsh/wetland  area  west/southwest  of  AREEs 
2  and  5,  the  mouth  of  Marumsco  Creek,  and  the  Occoquan  Bay  just  south  of  AREE  1.  The  data  collected 
from  the  tidal  monitors  can  be  compared  to  the  water  level  data  collected  from  the  monitoring  wells  to 
evaluate  the  tidal  effects  on  water  level  changes. 


Groundwater  Sampling 

Fluctuations  in  water  levels  and  tidal  influences  may  affect  concentrations  of  compounds  detected 
during  long-term  monitoring.  It  is  important  to  know  chemical  concentration  variations  related  to  tides  so  that 
these  data  can  be  incorporated  into  the  statistical  data  base  which  is  used  for  comparison  purposes  as  part 
of  a  long-term  monitoring  program.  Unexplainable  variations  in  concentrations  of  compounds  detected  may 
cause  uncertainties  that  could  result  in  the  initiation  of  a  detection  monitoring  program  that  may  be 
unwarranted. 

Groundwater  monitoring  has  been  proposed  for  Alternatives  2,  4,  5,  and  6  to  provide  effectiveness 
demonstrations  for  AREEs  that  will  be  closed  per  the  VSWMR  and/or  long-term  monitoring  for  AREEs  1  and 
6B.  Quarterly  groundwater  samples  will  be  collected  for  one  year  from  selected  wells  within  OU1.  The 
groundwater  samples  will  be  collected  after  the  tidal  data  has  been  evaluated.  Two  rounds  of  sampling  (one 
collected  at  high  tide  and  one  at  low  tide)  should  be  collected  during  each  quarterly  sampling  event  from 
selected  wells  where  data  loggers  were  installed.  The  sample  collection  time  would  be  based  on  the  lag 
time  response  for  high  and  low  tide  based  on  the  results  of  the  water  level/tidal  cycle  studies.  For  example,  if 
the  highest  water  level  in  a  monitoring  well  occurred  2  hours  after  the  high  tide  measured  at  the  tidal  station, 
then  the  sample  would  be  collected  two  hours  after  a  known  high  tide.  These  data  would  be  statistically 
analyzed  to  develop  the  data  base  from  which  to  compare  the  chemical  data  that  will  be  obtained  during  the 
long-term  monitoring  program. 


WEBB  MASON  REV(5>96) 


4 ICF  KAISER 


O  Act  I  ilny _ 

fe>aAS*c\  S^v^y  »A  OCA  jL 

1Su,dtoA,  Co&hs  A^t4c^I^a^\^  Si-, 


.InpNn  gno-oog 
Sheet  |  of  /  ^ 

DESIGNED  BY.  _ c 

CHECKED  BY  C 


Sc<^  c/e'tdfls  Al-fcrt^^h^  7- 

Xh*»\  Z  *  l/it/h/c  ^e^n-s 

Sf^  ^C.f'  ^t^^^hyee/  s^ef  i/s  jra/- 

Co*^  '^/'oc  f&n . 

“  lit  I!  ColUc-k^  ^<A.^  jfi}»cx:e^ 

M  3>^  ycl^  r\)(l  trfk  Cz>^4'dt<^crs , 

»  k'Ackff/  JL/"  ^  co/Ac^'^ 

of  (/h\lU.  Jiairti  (fy  ksv^c/ j  2^t\^  ^ rSyyaS^f  o/^  al^fc  C4  )utk 

JohJ  ij»sk  V-  3 

Cosf'  ytC  yef-^  cz?>^  k'Afiey  ‘^r^tMf>o‘-\i.d  ^(^c/  ^,'r/>i>t<^ 

^>/  vj^s  i27r. 

♦  tsh‘^i'^ke/  QaiAti^thcS  t^^c/yehi  rt^  Ctt^f ^  ijC\*.  &S  ^lUuii 

j  L  L  *  . 


‘A'loi''^  sUoftU 

L.o6d(^i^ 

out 

1 

•  c>y> 

J..sr-aKay'- 

£>(^L 

tMCB-i. 

•AUCjS-  z/r 
^  / 


WEBB  MASON  REV  (5-96) 


^  ICF  KAISER 


\A/fc.raeI  A/ lelqA  Pd»ci  - 

Fc>(L\xicd  teas'll*! I t4t^  S-iuely^ — toe — — 
c^x'^s  '-h>r _ Al-krinaftk — SkK- 


JOB  No. 

Sheet  *2,  of  f  ^ 


t‘  CkiiAup  (/tst'l>ii  PtCni  ^ 


DESIGNED  RY  KS^_ 
CHECKED  BY 


-  Ot\  L^'^ci 

4 

LoC-at-T^ 

AAt£  i 
A9^ee  ^f^ 
A£/f£ 

Latoc  ojai 


at 

I 

1 

V 

es  +0 

J 


I  SOo  /  offlY 


ic^f»[^. 


iof^i  ^  tt*/  Cc>*^  '4>  ZS 


^8  ^ 

Ltt.'bA" 

1‘f  ^^ciO  ^ 


-  4  5*00 


l\^  2.^0 


•fo-l^l  £5'f»^>A.^>/  ^ov't'  i4r  :l''Acw  2-  ‘i  19^^00, 


J[]  l-ev.^  3  .’  /"p/ ^ '^p  l^sp 


A  ^t*t>‘lt  •/&/  ji\  j/v//i/c»  ©/■  p/o*^ 

/(Ax.  I*' 

^rv  yw  v/.x^  C  C>  C,CC\  ^  lJi\, 


sl\arC. 

«./  /V|?Eie  i.  oat  o 


nATF  /•*/?' 
DATE 


3.r 


WEBB  MASON  REV  (5-96) 


#  ICF  KAISER _ 

\AJocJb/t/sf9,L  _ Pag,ilv4a - 

ffpe.ij.wJ  •rhr  f>U  ^ - 

a  Ccj  S  ht  Cyj^  _ _ _ 

^Jcm  V*’  ^co^ipicsl  Ctonr^-^ 


DESIGNED  BY. 
CHECKED  BY 


Job  Mo.  4CZ20-O0i 


XTXM 


'^'4  /  ■j^<'  SCf^y 

/6>  gcytt  ^^looo  s 

$'m  U(*5f  %V» 

(^  e/py/  i  "  S^^oo 

'f.hl  Ir  V  i  Z I,  CO ^ 


/^Sjuv^e  ^-S  'Tiy^  wlU  bf 

o'-.'V  • 

m.ow^«^4e«^l  V^i^c/ra«-lCt  £)e c»yJ^\r»r  ^  j  Z.  k>t-,ck^ 

.lS^^(‘2-UH‘\  !  bou-r  'froN*.  Viotos  S tlr^  OoriC  ^ 

^o-iV  IS'^  A  WU\UwX  )  /»3.vta 

bow-cf  are,  r-c^uirec/.  "/tiy*  AK**"^  m 

Ut-)^  <l({g  -2,^-/.^.y 


Crews 


Crew  B-llL 


1  Equipment  Oper.  (med.) 
1  Laborer 

1  Grader,  30,000  Lbs. 


16  LH..  Daily  Totals 


CrewB-llM 


1  Equipment  Oper.  (med.) 

1  Laborer 

IBackhoe  Loader,  80  H.P. 


16  LH.,  Daily  Totals 


CrewB-12 


1  Equip.  Oper.  (crane) 
1  Equip.  Oper.  Oiler 


Bare  Costs 


inci. 

Subs  O  &  P 


Per  Labor-Hour 


16  L.H.,  Daily  Totals 


$25.70  $205.60 

19.80  158.40 

537.35 


$901.35 


Hr.  Daily 


$25.70  $205.60 

19.80  158.40 

285.85 


$649.85 


Hr.  Daily 


$39.50  $316.00 

31.60  252.80 

591.10 


$1159.90 


Hr _ Daily 


$39.50  $316.00 

31.60  252.80 

314.45 


Bare 

Ind. 

Costs 

O&P 

$22.75 

$35.55 

33.58 

36.94 

$56.33  $72.49 


Bare  inci. 

Costs  O&P 


$22.75  $35.55 


16  LH..  Daily  Totals 

$389.20 

$598.00 

$24.33  $37.38 

CrewB-12A 

Hr.  Daily 

Hr.  Daily 

Bare  IikI. 

Costs  O&P 

1  Equip,  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  1  C.Y. 

$26.75  $214.00 

21.90  175.20 

551.40 

$41.10  $328.80 

33.65  269.20 

606.55 

$24.33  $37.38 

34.46  37.91 

Crew  642B 

Hr.  Daily 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  1.5  C.Y. 

$26.75  $214.00 

21.90  175.20 

710.50 

$1099.70 

Hr. 

Daily 

Bare 

Costs 

Ind. 

O&P 

$41.10 

$328.80 

$24.33 

$37.38 

33.65 

269.20 

781.55 

44.41 

48.85 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Hyd,  Excavator,  2  C.Y. 


16  LH.,  Daily  Totals 


CrewB-12D 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Hyd.  Excavator,  3.5  C.Y. 


16  LH..  Daily  Totals 


CrewB*12E 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Hyd.  Excavator,  .5  C.Y. 


16  L.H.,  Daily  Totals 


CrewB-12F 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Hyd.  Excavator,  .75  C.Y. 


16  L.H.,  Daily  Totals 


CrewB-12G 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
;  1  Power  Shovel,  .5  C.Y. 

1  Clamshell  Bucket,  .5  C.Y 


16  L.H.,  Daily  Totals 


Hr. 

Daily 

$26.75 

$214.00 

21.90 

175.20 

975.90 

$1365.10  1 

Hr. 

Daily 

$26.75 

$214.W 

21.90 

175.20 

2184.00 

$2573.20  1 

Hr. 

Daily 

$26.75 

$214.00 

21.90 

175.20 

332.05 

$721.25  ’ 

Hr. 

Daily 

$26.75 

$214.00 

21.90 

175.20 

450.65 

$839.85 

Hr. 

Daily 

$26.75 

$214.00 

21.90 

175.20 

427.35 

43.00 

1  $859.55 

Crew  No. 


Bare  Costs  Subs  O  &  P  Per  Labor-Hou, 


$24.33 

$37.38 

34.76 

38a 

16  LH.,  Daily  Totals 


.  CrewB-121 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  .75  C.Y. 

1  Dragline  Bucket,  .75  C.Y. 
16  LH.,  Daily  Totals 


Hr.  Daily  |  Hr. 


$26.75  $214.00  -$41.10 

21.90  175.20  33.65 

454,80 

32.00 _ 


$876.00 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Gradall,  3  Ton,  .5  C.Y. 

$26.75  $214.00 

21.90  175.20 

630.50 

$41.10  $328.80 

33.65  269.20 

693.55 

16  LH.,  Daily  Totals 

$1019.70 

$1291.55 

CrewB-12K 

Hr.  Daily 

Hr.  Daily 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Gradall,  3  Ton,  1C.Y. 

$26.75  $214.00 

21.90  175.20 

866.55 

$41.10  $328.80 

33.65  269.20 

953.20 

16L.H.,  Daily  Totals 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  .5  C.Y. 

1  F.E.  Attachment.  .5C.Y. 


16  LH.,  Daily  Totals 


CrewB-12M 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  .75  C.Y 
1  F.E.  Attachment.  .75C.Y. 


16  LH.,  Daily  Totals 


$24.33 

$3738 

54.16 

59.58 

;  $78.49 

$96.96 

Bare 

ind 

Costs 

O&P 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Power  Shovel,  1  C.Y. 

1  F.E.  Attachment,  1  C.Y. 

$26.75 

21.90 

$214.00 

175.20 
492.30 

134.20 

$41.10 

33.65 

$328.80 

269.20 

541.55 

147,60 

16  LH.,  Daily  Totals 

1  $1015.70  1 

$1287.15 

Crew  B-120 

Hr. 

Daily 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  1.5  C.Y. 

1  F.E.  Attachment,  1.5  C.Y. 


16  LH.,  Daily  Totals 


Crew  B-12P 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Crawler  Crane,  40  Ton 
1  Dragline  Bucket,  1.5  C.Y. 


16  LH.,  Daily  Totals 
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Crews 


Bare  Costs  Subs  O  &  P  Per  Labor-Hour 


CiewB-llL 

Hr.  Daily 

1  Equipment  Oper.  (med.) 

1  Laborer 

1  Grader,  30,000  Lbs. 

$25.70  $205.60 

19.80  158.40 

537.35 

CrewB'UM 


1  Equipment  Oper.  (med.) 

1  Laborer 

i  Backhoe  leader,  80  H.P. 


16  LH.,  Daily  Totals 


Bare 

ind 

Costs 

O&P 

$25.70  $205.60  $39.50  $316.00  $22.75  $35.55 

19.80  158.40  31.60  252.80 

314.45  17.87 


158.40  31.60 

285.85 


1  Equip.  Oper.  (crane) 

$26.75 

$214.00 

$41.10 

$328.80 

$24.33 

$37.38 

1  Equip.  Oper.  Oiler 

21.90 

175.20 

33.65 

269.20 

16  L.H.,  Daily  Totals 

$389.20  1 

1  $598.00 1 

$24.33 

$37.38 

Bare 

Ind 

Crew  B-12A 

Hr. 

Da^ 

Hr. 

Daily 

Costs 

OIP 

1  Equip.  Oper.  (crane) 

$26.75 

$214.00 

$41.10 

$328.80 

$24.33 

$37.38 

1  Equip.  Oper.  Oiler 

21.90 

175i0 

33.65 

269.20 

1  Hyd.  Excavator,  1  C.Y. 

551.40 

606.55 

34.46 

37.91 

16  L.H.,  Daily  Totals 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  1.5  C.Y. 

$26.75  $214.00 

21.90  17520 

710.50 

16  LH.,  Daily  Totals 

$1099.70 

Crew8*12C 

Hr.  Daily 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  2  C.Y. 

$26.75  $214.00 

21.90  175.20 

975.90 

16  L.H.,  Daily  Totals 

$1355.10 

Crew  B-12D 

Hr.  Daily 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  3.5  C.Y. 

$26.75  $214.00 

21.90  17520 

2184.00 

Bare 

Ind. 

Costs 

OIP 

$328.80  $24.33  $37.38 

269.20 

1073.50  60.99  67.09 


16  LH..  Daily  Totals 


CrewB-12E 

Hr.  DaBy 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  .5  C.Y. 

$26.75  $214.00 

21.90  17520 

332.05 

16  L.H..  Daily  Totals 

$72125 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  .75  C.Y. 

$26.75  $214.00 

21.90  17520 

450.65 

16  L.H.,  Daily  Totals 

$839.85 

Crew  6-126 

Hr.  Daily 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Power  Stwvel,  .5  C.Y. 

1  Clamshell  Bucket,  .5  C.Y 

$26.75  $214.00 

21.90  175.20 

427.35 
43.00 

16  LH.,  Daily  Totals 

$859.55 

Bare 

Ind. 

Costs 

O&P 

$24.33 

$37.38 

136.50 

150.15 

$160.83 

$187-53 

Bare 

Ind. 

Costs 

O&P 

$24.33 

$37.38 

20.75 

22.83 

Bare 

Ind 

Costs 

O&P 

$24.33 

$37.38 

28.17 

30.98 

$52.50 

$68.36 

Bare 

Ind. 

Costs 

O&P 

$24.33 

$37.38 

29.40 

32.34 

Crew  No. 


Bare  Costs 


Incl.  Cost 

Subs  O  &  P  Per  Labor-Hour 
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k>5 

I 

1.  r  At/ici 


IT!  ^rrip  wrAiwf 


Subsurface  Investigation  &  Demolition 


Ji 


020  750  I  Concrete  Removal 


100  stone,  soft  old  mortar 

120 _ Hard  mortar 

880  0010  REMOVAL  OF  UNDERGROUND  STORAGE  TANKS 

0011  Petroleum  storage  tanks,  non-leaking  • _ ^ 

0100  Excavate  &  load  onto  trailer 

0110  3000  gal  to  5000  gal,  tank _ 

Im  6000  gal  to  8000  gal  tank 

0130  9000  gal  to  12000  tank  _ 

0190  Known  leaking  tank  add 

0200  Remove  sludge,  water  and  remaining  product  from  bottom 
0201  of  tank  with  vacuum  truck 
0300  3000  gal  to  5000  gal  tank 

"6310  600 


For  cleaning  &  transporting  tanks  (1.5  IbsVlOO  gal.  capacity) 
Haul  tank  to  certified  salvage  dump,  100  miles  round  trip 


3000  gal.  to  5000  gal.  tank 
6000  ga!.  to  8000  gal,  tank 


9,000  gal.  to  12,000  gal.  tank 

Disposal  of  contaminated  soil  to  landfill  _ 


Minimum 

Maximum  _ 


Disposal  of  contaminated  soil  to 
bituminous  concrete  batch  plant 


Minimum 

Maximum  _ 


Decontamination  of  soil  on  site  including  poly  tarp  on  top  &  bottom 
Soil  containment  berm,  and  chemical  treatment 


Minimum 

Maximum 


Disposal  of  decontaminated  soil,  minimum 
Maximum 


213  758 

320 


021  I  Site  Preparation  &  Excavation  Support 


021  100  I  Site  Clearing 


lim 

IW 


CLEAR  AND  GRUB,  Cut  &  chip  light,  trees  to  6'  diam. 
Grub  stumps  and  remove 


Clear  &  grub  brush  including  stumps 
Cut  &  chip  medium,  trees  to  12'  diam. 


Grub  stumps  and  remove 
Clear  &  grub  dense  brush  including  stumps 


Cut  &  chip  heavy,  trees  to  24"  diarh, 
_  Grub  stumps  and  remove 


If  burning  is  allowed,  reduce  cut  &  chip 
_ Chipping  stumps,  to  18'  deep,  12"  diam. 


18"  diameter 
_  24"  diameter 


DAILY  LABOR* 

CREW  OUTPUT  HOURS  UNIT 


48 

12 


.58  41,379 
.70  68.571 


1  24 


1996  BARE  COSTS 


1030 

8 

12.85 

14.70 

10 

11.40 

TOTAL 

INaOAP 


2,850  104 

1,275 
4,400 
4,075 
50 
50 


. I 

I 


Impertanf:  See  the  Reference  Section  for  critical  supporting  data  ■  Reference  Nos.,  Crews,  &  CHy  Cost  Indens 
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Crew  No. 


CrewB-llL 


1  Equipment  Oper.  (med.) 
1  Uborer 

1  Grader,  30,000  Lbs. 


inci. 

Bare  Costs  Subs  O  &  P 


Per  Labor-Hour 


CrewB'12 


1  Equip.  Oper,  (crane) 
1  Equip.  Oper.  Oiler 
'  ^  16  LH..  Daily  Totals 


Crew6-12A 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Hyd.  Excavator,  1 CY. 


16  LH.,  Daily  Totals 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Hyd.  Excavator,  .5  C.Y. 
16  LH.,  Daily  Totals 


DewB-12F 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Hyd.  Excavator,  .75  C.Y. 


$25.70  $205.60  $39.50  $316.00  $22.75 

19.80  158.40  31.60  252.80 

537.35  591.10  33.58 


Hr. 

Daily 

Hr. 

Daily 

Bare 

Costs 

Ind 

O&P 

$26.75 

$214.00 

$41.10 

$328.80 

$24.33 

$37.38 

21.90 

17520 

551.40 

33.65 

26920 

606.55 

34.46 

37.91 

Crew6-12B 

Hr.  Daily 

Hr.  Daily 

Bare  Ind 

Costs  OtP 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  1.5  C.Y. 

$26.75  $214.00 

21.90  175.20 

710.50 

$41.10  $328.80 

33.65  269.20 

781.55 

$24.33  $37.38 

44,41  48.85 

16  LH..  Daily  Totals 

$1099.70 

$1379.55 

$68.74  $86.23 

Crew  B'12C 

Hr.  Daily 

Hr.  Daily 

Bare  \rd. 

Costs  04P 

1  Equip.  Oper.  (crane) 
i  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  2  C.Y. 

$26.75  $214.00 

21.90  17520 

975.90 

$41.10  $328.80 

33.65  269.20 

1073.50 

$24.33  $37,38 

60.99  67.09 

16  LH.,  Daily  Totals 

$1365.10  : 

$1671.50 

$85.32  $104,47 

Crew  B-12D 

Hr.  Daily 

Hr.  Daily 

Bare  Ind 

Costs  OiP 

1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 

1  Hyd.  Excavator,  3.5  C.Y. 

$26.75  $214.00 

21.90  175.20 

2184.00 

$41.10  $328.80 

33.65  269.20 

2402.40 

$24,33  $37.38 

136.50  150.15 

16  LH.,  Daily  Totals 

$2573.20 

$3000.40 

$160.83  $187.53 

CrewB-12E 

Hr.  Daily 

Bare  Ind 

Costs  OIP 

f 

, 

I  16  LH.,  Daily  Totals 


&ew6-12G 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  .5  C.Y. 

1  Oamshell  Bucket,  .5  C.Y 


16  LH.,  Daily  Totals 


$26.75  $214.00  $41.10 

21.90  175i0  33.65 

332.05 


$721.25 


$26.75  $214.00 

21.90  17520 

450.65 


Hr.  Daily 


$26.75  $214.00 

21.90  17520 

427.35 


Crew  No. 


CnwB-12H 


1  Equip.  Oper.  (craf«) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  1  C.Y. 

1  Clamshell  Bucket  1  C.Y. 


16  LH.,  Daily  Totals 


.  CrewB-121 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  .75  C.Y. 

1  Dragline  Bucket  .75  C.Y. 


16  LH.,  Daily  Totals 


CrewB-12J 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
16radall,3Ton,  .5C.Y. 


16  LH.,  Daily  Totals 


CiewB-12X 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
lGradall.3Ton,lC.Y. 


16  LH.,  Daily  Totals 


CrewB-12L 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  .5  C.Y. 

1  F.E.  Attachment  .5  C.Y. 


16  LH.,  Daily  Totals 


CrewB-12M 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  .75  C.Y 
IF.E.  Attachment.  .75  C.Y. 


16  LH.,  Daily  Totals 


CrewB-12N 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  1C.Y. 

1  F.E- Attachment  1  C.Y. 


16  LH.,  Daily  Totals 


Crew  6-120 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Power  Shovel,  1.5  C.Y. 

1  F.E.  Attachment  1.5  C.Y. 


16  LH.,  Daily  Totals 


CfBwB-l2P 


1  Equip.  Oper.  (crane) 

1  Equip.  Oper.  Oiler 
1  Crawler  Crane,  40  Ton 
1  Dragline  Bucket  1.5  C.Y. 


16  LH.,  Daily  Totals 


Bare  Costs  Subs  O  &  P  Per  Labor-Hou 


$26.75  $214.00 

21.90  175.20 

454.80 

32.00 

■  $41.10  $328.80 

33.65  269.20 

500.30 

35.20 

$876.00  1 

$1133.50 

$26.75  $214.00  $41.10 

21.90  175.20  33.65 

630.50 


$1019.70 


$26.75  $214.00  $41.10 

21.90  175.20  ■  33.65 

866.55  _ 


$1255.75 


Hr.  Daily  Hr. 


$26.75  $214.00  $41.10 

21.90  175.20  33.65 

427.35 
50.60 


$867.15 


$63.74 

$80.73 

Bare 

Ind 

Costs 

O&P 

$24.33 

$3738 

54.16 

59.58 

$78.49 

$96.96 

Bare 

ind 

Costs 

W 

Hr,  Daily 

Hr.  Daily 

$26.75  $214.00 

21.90  175.20, 

743.60 

45.60 

$41.10  $328.80 

33.65  269.20 

817.95 
50.15 

$1178.40 

$1466.10 
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Crews 


Cr»w  No. 

CiwfS-lOK 

1  Equip-  Opef.  (med.) 
.SUtofef 

iCentr.  Water  Pump,  6* 
1^  Ft  Suction  Hose.  6' 
2-50  Ft  Disdi.  Hoses,  6' 
IFlH.,  Daily  Totals 

CitwHOl 
I  Equip.  Oper.  (med.) 
ilJtBfef 

)  Dozer,  75  H.P. _ 

12  LH.,  Daily  Totais 

Crew  MOM 

1  Equip.  Oper.  (med.) 
iUtx)ref 
1  Dozer.  300  H.P. 

12  LH..  Daily  Totals 


CnwB-lON 


1  Equip.  Oper.  (med.) 
iLaOorer 

1F.E.  Loader,  T.M..  1.5  C.Y 


12  LH..  Daily  Totals 


CiewB-100 


1  Equip.  Oper.  (med.) 
ilJPorer 

1F.E.  Loader,  T.M..  2.25  C.Y. 


12  LH.,  Daily  Totals 


CrtwB-lOP 


1  Equip.  Oper.  (med.) 
iliPorer 

1F.L  Loader,  T.M..-2.5C.Y. 


12  LH.,  Daily  Totais 


Boro  Costs  Sobs  O  B  P 


Cost 

Por  Lobor-Hoiir 


Hr. 

Daily 

Hr. 

Daily 

Ban 

Costs 

$25.70 

$205.60 

$39.50 

$316.00 

$23.73 

19.80 

79.20 

31.60 

126.40 

Hr.  Daily  Hr. 
$25.70  $205.60  $39.50 

19.80  79i0  31.60 

282.90 

_ $567.70 

Hr.  Daily  Hr. 

$25.70  $205.60  $39.50 

19.80  79.20  31.60 

1111.00 
$1395.80 


184.65 

22.45 

36.10  18.42  20.26 

$685.60  $42.15  $57.13 

Bare  IncL 

DiBy  Costs  OI.P 

$316.00  $23.73  $36.87 

126.40 

311i0  23.58  25.93 

$753.60  '  $47.31  $62.80 

Ban  Ind 

Pally  Costs  04P 

$316.00  $23.73  $36.87 

126.40 

1222.10  92.58  101.84 


Hr.  Dsly 

Hr.  Ddly 

$25.70  $205.60 

19.80  79.20 

363.30 

$39.50  $316.00 

31.60  126.40 

399.65 

$648.10 


Hr.  .  Daily 


$25.70  $205.60  $39.50 

19.80  79.20  31.60 

492.35 


_  $777.15 


Hr.  Daily 


$25.70  $205.60  $39.50 

19.80  7920  31.60 

817.40 


$1102.20 


$116.31 

$138.71 

Ban 

Ind 

Costs 

O&P 

$23.73 

$36.87 

30.28 

33.30 

$54.01 

$70.17 

Ind. 

tats 

OBP 

$23.73 

$36.87 

41.03 

45.13 

$64.76 

$82.00 

Bm 

Ind 

Cods 

O&P 

$23.73 

$36.87 

68.12 

74.93 

$91.85 

$111.80 

Ban 

Ind 

Costs 

O&P 

$23.73 

$36.87 

94.67 

104.13 

$118.40 

$141.00 

Hr. 

OiBy 

Hr. 

Daily 

$25.70 

$205.60 

$39.50 

$316.00 

19.80 

79i0 

31.60 

126.40 

233.00 

256.30 

$517.80 

1  $698.70 

Hr. 

Wy 

Hr. 

Oily 

$25.70 

$205.60 

$39.50 

$316.00 

19.80 

79.20 

31.60 

126.40 

309.70 

340.65 

$594.50 

$783.05  1 

Hr. 

Daily 

Hr. 

Daly 

$25.70 

$205.60 

$39.50 

$316.00 

19.80 

7920 

31.60 

126.40 

426.75 

469.45 

Ban  Ind. 

Cods  O&P 


$23.73  $36.87 

19.42  21.36 


$43.15  $58.23 


$23.73  $36.87 

25.81  28.39 


.54  $6 


$23.73  $36.87 

35.56  39.12 


$59.29  $75.99 


Crsw  No. 

CnsB-lOU 
1  Equip.  Oper.  (med.) 

.5  Laborer 

IF.E.  Loader,  W.M..  5.5  C.Y. 
12  LH..  Daily  Totais 


Bars  Costs 


laid. 

SiabsOBP 


Cost 

Por  Labof^Hour 


Hr. 

Daly 

Hr. 

$25.70 

$205.60 

$39.50 

19i0 

79.20 

31.60 

*  CnwB.I(W 


1  Equip.  Oper.  (med.) 
.5  laborer 
1  Dozer,  410  H.P. 


12  LH.,  Daily  Totals 


CnwHOY 


1  Equip.  Oper.  (med.) 
.5  Laborer 

1  Vibratory  Drum  Roller 


12  LH.,  Daily  Totals 


1  Equipmern  Oper.  (med.) 

1  Libonr 
I  Dozer.  200  H.P. 

1  Air  Pwnred  Tamper 
1  Air  Compf.  365  C.F.M. 
2-50  Ft  Air  Hoses,  1.5*  Dia. 


16  LH.,  Daily  Totals 


74.68  82.14 

$98.41  $119.01 


CrewB-lOV 

Hr.  daily 

Hr.  Daily 

Cods  O&P 

1  Equip.  Oper.  (med.) 

.5  Laborer 

I  Dozer,  700  H.P. 

$25.70  $205.60 

19.80  79.20 

2873.00 

$39.50  $316.00 

31.60  126.40 

3160.30 

$23.73  $36.87 

239.42  263.36 

12  LH..  Daily  Tobis 

$3157.80 

$3602.70 

$263.15  $300.23 

Cnwe-lOW 

Hr.  Daily 

Hr.  Daily 

Ban  Ind 

Cods  O&P 

1  Equip,  oper.  (med.) 

.5  Laborer 

1  Dozer.  105  H.P. 

$25.70  $205.60 

19.80  79.20 

419.50 

$39.50  5316.00 

31.60  126.40 

461.45 

$23.73  $36.87 

34.96  38.45 

12  LH..  Daily  Totals 

$704.30 

$903.85 

'  $58.69  $75,32 

Hr.  Daily 


$25.70  $205.60 


Hr.  Daiiy 


$25.70  $205.60 


$1882.30  $132.81  $156.86 


Hr. 

Daily 

Ban 

Cods 

ind. 

O&P 

$39.50 

$316.00 

$23.73 

$36.87 

31.60 

126.40 

372.30 

28.20 

31.02  i 

CnwB-11 

Hr.  Daily 

1  Equipment  Oper.  (med.) 

1  Libonr 

$25.70  $205.60 

19.80  158.40 

16  LH..  Daily  Totals 

$364.00 

Cnw  B-llA 

Hr.  Daiy 

1  Equipment  Oper.  (med.) 

1  Laborer 

1  Dozer.  200  H.P. 

$25.70  $205.60 

19J0  158.40 

852.90 

16  LH..  Daiiy  Totais 

$1216.90 

CnwB-llB 

mi 

$814.70  $51.93  Wr 


252.80 

938.20 


$1507.00  $76.06 


$94.19  I  p 

i 


$39.50  $316.00 

$22.75  535.55 

31.60  252.80 

938.20 

IS20 

210.60 

14.10 

66.93  73.63 

$1746.90 

$89.68  $109.18 

CnwB.nC 

Hr. 

Daily 

Hr. 

Daily 

Ban 

Cods 

bid 

O&P 

1  Equipment  Oper.  (med.) 

$25.70 

$205.60 

$39.50 

$316.00 

$22.75 

$35.55 

ILabonr 

1  Baddve  Loader,  48  H.P. 

1  £  t  U 

19.80 

•  158.40 
207.90 

31.60 

252.80 

228.70 

12.99 

14.29 

CmrB-llK 


1  Equipment  Oper.  (med.) 
1  Laborer 

lTnncher.8'0.,  16' W. 


16  LH..  Daily  Totais 


Hr.  Daily 


$25.70  $205.60 

19.80  158.40 

510.90 


$674.90 


$1130.80  $54.68  '$70.67 


